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Schematic capture, Autorouting & Design Checking for just £149

3.6 Designer £149*

Take a look at Quickroute 3.6 Designer and you might be surprised! For just
£149° you get easy to use schematic design (automatic junction
placement, parts -bin, etc), "one click" schematic capture, autorouting on
1 or 2 layers, design rule & connectivity checking and a starter pack of
over 260 symbols.

For those needing more power & more features there is Quickroute 3.6
PRO+. For just £399 you get multi -sheet schematic capture, 1 to 8 layer
autorouting, net -list import/export, links to simulators, CAD/CAM file export,
Gerber import/viewing, DXF WMF & SPICE file export, copper fill, advanced
connectivity checking with automatic updating of a PCB from a schematic,
the basic set of over 260 symbols and library pack 1 which includes a
further 184 symbols. More symbols are available in additional library packs
available separately

NEW PLUG IN AUTOROUTER
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SMARTRoute is a new 32 -bit autorouter from Quickroute
Systems rated in ' category A' by Electronics World (Nov
96). SMARTRoute plugs straight into Quickroute 3.6,
automatically updating Quickroute' s menus with new
features and tools.

SMARTRoute 1.0 uses an iterative goal seeking algorithm
which works hard to find the best route even on single
sided PCB' s. SMARTRoute allows you to assign different
algorithms, design rules, track & via sizes, layers used, etc
to groups of nets for total flexibility. SMARTRoute 1.0 costs
just £149*.

Prices are Quickroute 3.6 Designer £149, Quickroute 3.6 PRO+ £399,
SMARTRoute 1.0 £149.00, Library Packs £39 each. -"Post & Packing per
item is £6 (UK), £8 (Europe) and £12 (World). V.A.T must be added to the total.

QUICKROUTE
SYSTEMS

Prices and specifications subject to change without notice. All trade marks are acknowledged & respected. All products sold subject to our standard terms & conditions (available on re

RECOMMENDED

E4 Tel 0161 476 0202 Fax 0161 476 0505 NIL

Quickroute Systems Ltd. Regent House Heaton Lane Stockport SK4 1 BS U.K
VVWW www.quickroute co uk EMail: info@quicksys demon co.uk
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The August -December 1996 Innovations Report is a
mine of practical gift ideas at this time of year, not a few
of which will appeal to those who can't resist a handy
portable gadget every now and then. The Innovations
Personal Amplifier (£14.95) is small enough at 2x7x4cm
for a shirt pocket but contains a 'powerful condenser
microphone capable of picking up the
smallest sounds either indoors or out'
- a help to anyone who has trouble
picking out conversations, following
the TV or hearing films or plays from
their usual seat. The unit has a Hi -Lo
frequency response switch and comes
with two button earphones and a clip.
The Cell Patch cellphone booster

1.95) boosts the reception of
cellphones to help get around signal
dropouts or interference, without wires
or batteries. Measuring 9.5 x 8.8 cm,
this thin layer antenna can adhere to your car
windscreen sun -visor near to the handset, or can be
carried in a packet. 'Works with all types of portable
cellular phone'. The Innovations MemoPad 570 (£29.95)
acts as a portable, vocal envelope -back - with
dimensions of 8 x 5 x 2 cm, fitting easily in one hand, the
MemoPad can record up to 70 seconds of messages on
five separately -selectable channels of up to 14 seconds
each. The channels can be erased separately. The
device could be a family or group memo pad if each
person is allocated one channel. Messages are retained
if the 4 X G13 button cells run out - handy if no-one has
been voted "the one" to check the batteries.

The increasingly well-known Trafficmate motorway

Navy
free

traffic jam warning system (£54.95) is also on
Innovations' books. The Trafficmate receives signals
from the National Traffic Data Centre's system of
motorway monitor sensors. If average speeds drop to
below 30 mph, the sensors send a signal to the Data
Centre, which relay the warning to your Trafficmate as a

voice message. The device is licensed
by an annual "information key" (free here
for the first year on purchase) and uses
4 X A4 batteries. A plug-in radio -
controlled Remote Control Unit (E39.95
for a single switch, £89.00 for a three -
switch unit) allows you to switch
domestic appliances within 25 metres
remotely via a small handset, and a
receiver module that plugs into the
mains wall -socket. The appliance you
want to switch then plugs into the
receive unit, and presto ... a 12 volt

alkaline battery is supplied.
The December catalogue also features a car

headlamp warning add-on (£4.95) for forgetful parkers, a
wire/pipe tracer (£18.00), a multi -function test -centre for
household circuits, switches, batteries, bulbs and so on
(£29.95) and some longlife light bulbs for those who trust
themselves with fragile glass objects, and quite a few
other dinky electrical and electronic gadgets - including
a flea -zapper for cats! (£39.95).

Innovations is taking Christmas orders up to 16th
December - for a catalogue or information ring 01793
410011 (24 hours), or visit their shop at 19 Paradise
Road, Richmond, Surrey (0181 948 3792 - check
availability if travelling from a distance).

catalogue from connectormanufacturer
Now available free from Rendar Ltd. is a new 48 -page
catalogue giving their extended list of audio, power and
communications connections. This year's new
introductions reflect Rendar's investment in new product
development and automated production. Rendar is proud
of the durability, reliability and cost -efficiency of its UK -
manufactured product lines.

Among the new products are Quadbloc, giving multiple
IEC 320 outlets with a high degree of flexibility for
connection of accessories such as filter capacitors, inlets,
switches, fuses or neon indicators. The DB2000 is a fully
integratred electrical service system that allows easily
configured "plug and go" installation of mains services in

office or workplace, suitable for all
international plug specifications, and also
supporting data communications.

Also new this year are UK -USA
voltage changes that enable
110V -rated equipment to be
used on the 240V mains,
or vice versa.

For further
information,
contact Duncan
Palmer, Rendar Ltd.,
Durban Road, South
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DC TO DC CONVERTERS
DRM58 input 10-4Ovdc output 5v 8A £15
DRM128 input 17-4Ovdc output 12v 8A £50
DRM158 input 20-40vdc output 15v 8A £50
DRM248 input 29-40vdc output 24v 8A £40
DRS123 input 17-40vdc output 12v 3A £20
DRS153 input 20-4Ovdc output 15v 3A £20
DRS243 input 29-40vdc output 24v 3A £15
SOLID STATE RELAYS
CMP-DC-200P 3-32vdc operation. 0-200vdc 1A £2.50
SMT20000/3 3-24vdc operation. 28-280vac 3A £450
SMT20000/4 3-24vdc operation, 28-280vac 4A Ea oo
ZRA6025F 28-280vd/ac operation, 28-280Nac 25A £7.00
200 WATT INVERTERS Nicely cased units 12v input 240v
output 150watt continuous. 200 max. E49 ref LOT62.
6.8MW HELIUM NEON LASERS New units, E65 ref L0T33
COINSLOT TOKENS You may have a use for these? mixed bag

of 100 tokens El 0 ref LOT20.
PORTABLE X RAY MACHINE PLANS Easy to construct
plans on a simple and cheap way to build a home X-ray machine!
Effective device, X-ray sealed assemblies. can be used for
experimental purposes. Not a toy or for minors! E6/set. Ref FrXP1
TELEKINETIC ENHANCER PLANS Mystify and amaze your
friends by creating motion with no known apparent means or cause.
Uses no electrical or mechanical connections, no special gimmicks
yetproducespositive motion and effect. Excellent for science p rojeds,
magic shows, party demonstrations or serious research &
development of this strange and amazing phychic phenomenon.
£4/set Ref F/TKEl.
ELECTRONIC HYPNOSIS PLANS& DATA This data shows
several ways to put subjects under your control. Included is a full
volume reference text and several construction plans that when
assembled can produce highly effective stimuli. This material must
be used cautiously. It is for use as entertainment at parties etc only,
by those experienced in its use. E15/set. Ref F/EH2
GRAVITY GENERATOR PLANS This unique plan
demonstrates a simple electrical phenomena that produces an anti-
gravity effect. You can actually build a small mock spaceship out of
simple materials and without any visible means- cause it to levitate.
£10/set Ref F/GRAl.
WORLDS SMALLEST TESLA COIL/LIGHTENING
DISPLAY GLOBE PLANS Produces up to 750,000 volts of
discharge, experiment with extraordinary HV effects, 'Plasma in a
ler, St Elmo's hre, Corona, excellent science project or conversation
piece. E5/set Ref F/BTC1A_G5.
COPPER VAPOUR LASER PLANS Produces 100mw of
visible green light. High coherency and spectral quality similar to
Argon laser but easier and less costly to build yet far more efficient.
Thisparticulardeegnwas developed attheAtornic EnergyCommision
of NEGEV in Israel. £10/set Ref F/CVL1.
VOICE SCRAMBLER PLANS Minature solid state system
turns speech sound into indecipherable noise that cannot be

without a second matching unit. Use on telephone to
prevent third party listening and bugging £6/set Ref FNS9.
PULSED TV JOKER PLANS Little hand held device utilises
pulse techniques that will completely disrupt TV picture and sound!
works on FM too! DISCRETION ADVISED. £8/set Ref F/TJ5
BODYHEAT TELESCOPE PLANS Highly directional long
range device uses recent technology to detect the presence of living
bodies. warm and hot spots. heat leaks etc. Intended for security, law
enforcement, research and development, etc. Excellent secunty
device or very interesting science project. £8/set Ref F/BHT1.
BURNING, CUTTING CO2 LASER PLANS Projects an
invisible beam of heat capable of burning and melting materials over
a considerable distance. This laser is one of the most efficient,
converting 10%inputpower into useful output. Notonly istNs device
a workhorse in welding, cutting and heat processing materials but it
is also a likely candidate as an effective directed energy beam
weapon against missiles, aircraft, ground -to -ground, etc. Particle
beams may very well utilize a laser of tfis type to blast a channel in
the atmosphere for a high energy stream of neutrons or other
particles. The device is easily applicable to burning and etching
wood, cutting, plastics. textiles etc £12/set Ref F/LC7.
MYSTERY ANTI GRAVITY DEVICE PLANS uses simple
concept. Objects float in air and move to the touch. Defies gravity,
amazing gift, conversation piece, magic trick or science project. £6/
set Ref F/ANT1K.
ULTRASONIC BLASTER PLANS Laboratory source of sonic
shock waves. Blow holes in metal, produce 'cold' steam, eternize
Itquides. Many cleaning uses for PC boards, jewllery. coins, small
pads etc. £6/set Ref F/ULB1.
ULTRA H IGH GAIN AMPISTETHOSCOPICM IKE/SOUND
AND VIBRATION DETECTOR PLANS Ultrasensitive device
enables one to hear a whole new world of sounds. Listen through
walls, windows, floors etc. Many applications shown, from law
enforcement, nature listening, medical heartbeat, to mechanical
devices. E6/set Ref F/HGA7
ANTI DOG FORCE FIELD PLANS Highly effective circuit
produces time variable pulses of accoustical energy that dogs
cannot tolerate £6/set Ref F/DOG2
LASER BOUNCE LISTENER SYSTEM PLANS Allows you
to hear sounds from a premises without gaining access. E12Jset Ref

F/LLIST 1

LASER LIGHT SHOW PLANS Do it yourself plans show three
methods. E6 Ref F/LLS1
PHASOR BLAST WAVE PISTOL SERIES PLANS
Handheld. has large transducer and battery capacity with external

controls. E6/set Ref F/PSP4
INFINfTY TRANSMITTER PLANS Telephone line grabber/
room monitor. The ultimatein home/office security and safety! simple
to use! Call your home or office phone, push a secret tone on your
telephone to access either A) On premises sound and voices or B)
Existing conversation with break-in capability for emergency
messages. E7 Ref F/TELEGRAB.
BUG DETECTOR PLANS Is that someone getting the goods on
you? Easy to construct device locates any hidden source of radio
energy! Sniffs out and finds bugs and other sources of bothersome

RE-:FAIT/it ST
TEL

interference. Detects low, high and UHF frequencies. £5/set Ref F/
BD1.
ELECTROMAGNETIC GUN PLANS Projects a metal object a
considerable distance -requires adult supervision £5 ref F/EML2.
ELECTRIC MAN PLANS, SHOCK PEOPLE WITH THE
TOUCH OF YOUR HAND £5/set Ref F/EMAl.
PARABOLIC DISH MICROPHONE PLANS Listen to distant
sounds and voices, open windows, sound sources in 'hard to get' or
hostile premises. Uses satellite technology to gather distant sounds
and focus them to our ultra sensitive electronics. Plans also show an
optional wireless link system. £8/set ref F/PM5

2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY AND
HIGH DC VOLTAGE, SOLID STATE TESLA COIL AND
VARIABLE 100,000 VDC OUTPUT GENERATOR PLANS
Operates on 9- 12vdc, many possible experiments. £10 Ref F/HVM7/

TCL4.

INFINITY TRANSMITTERS The ultimate touglts to any
phone or line, undetectable, listen to the conversations in the room
from anywhere in the world! 24 hours a day 7 days a week! just call
the number and press a button on the mini controller (supplied) and
you can hear everything! Monitor conversations for as long as you
choose £249 each, complete with leads and mini controller! Ref
LOT9. Undetectable with normal RF detectors, tided in seconds, no
batteries required, lasts forever'
SWITCHED MODE PS U'S 244 watt, +5 32k +12 6A, -5 a 2A,
12 0.2k There is also an optional 3.3v 25A rail available. 120/240v I/
P. Cased, 175x90x 145mm. IEC inlet Suitable for PC use (6 d/drive
connectors 1 miboard). £10 ref PSU1.
VIDEO PROCESSOR UNITS?/6v 10AH BATTS/12V 8A
TX Not too sure what the function of these units is but they certairsy
make good strippers! Measures 390X320X120rnm, on the front are
controls for scan speed, scan delay, scan mode, loads of connections
on the rear. Inside 2 x 6v 10AH sealed lead acid batts,pcb's and a 8A?
12v torroidial transformer (mains in) Condition not known, may have
one or two broken knobs due to poor storage. £17.50 ref VP2
RET RON NIGHT SIGHT Recognition of a standing man at 300m
in 1/4 moonlight, hermetically sealed, runs on 2 AA batteries, 80mm
F1.5 lens, 20mw infrared laser included. £325 ref RETRON.

MINI FM TRANSMITTER Kr very nigh gain preamp, supplied
complete with FET electret microphone. Designed to cover 88-108
Mhz but easily changed to cover 63-130 Mhz. Works with a common
9v (PP3) battery. 0.2W RF. E7 Ref 1001.
3-30V POWER SUPPLY KR Variable, stabilized power supply
for lab use. S hod circuit protected, suitable for profesional or amateur
use 24v 3A transformer is needed to complete the kit. E14 Ref 1007

1 WATT FM TRANSMITTER KR Supplied with piezo electnc
mic. 8-30/dc. At 25-30v you will get nearly 2 watts! £12 ref 1009.
FM/AM SCANNER KIT Well not quite, you have to turn the knob
your self but you will hear things on this radio that you would not hear
on an ordinary radio (even TV). Covers 50-160mhz on both AM and
FM. Built in 5 watt amplifier, inc speaker. £15 ref 1013.
3 CHANNEL SOUND TO LIGHT KIT Wireless system, mains
operated, separate sensitivity adjustment for each channel, 1,200 w
power handling, microphone included £14 Ref 1014.
4 WATT FM TRANSMITTER KIT Small but powerful FM
transmitter, 3 RF stages. microphone and audio preamp included
£20 Ref 1028.
STROBE LIGHT KIT Adjustable from 1-60 hz (a lot faster than
conventional strobes). Mains operated. £16 Ref 1037.
COMBINATION LOCK KIT 9 key, programmable, complete with
keypad, will switch 2A mains 9v dc operation £10 ref 1114.
PHONE BUG DETECTOR KIT This device will warn you if
somebody Is eavesdropping on your line. E6 ref 1130.
ROBOT VOICE KIT Interesting circuit that distorts your voice!
adjustable, answerthe phone with a differentvoicel 12vdcE9 ref 1 131

TELEPHONE BUG KIT Small bug powered by the 'phone line,
starts transmitting as soon as the phone is picked up! £8 Ref 1135.
3 CHANNEL LIGHT CHASER KIT 800 watts per channel,
speed and direction controlssupplied with 12 LEDS (you can httriacs
instead to make kit mains, not supplied) 9-12vdc E17 ref 1026.
12V FLOURESCENT LAMP DRIVER Krr Light up 4 foottubes
from your car battery! 9v 2a transformer also required. E8 ref 1069.
VOX SWITCH KITSound activated switch ideal form eking bugging
tape recorders etc, adjustable sensitivity. £8 ref 1073.

Check out our
WEB SITE
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PREAMP MIXER KIT 3 input mono mixer, sep bass and treble
controls plus individual level controls, 18vdc, input sens 100nA £15
ref 1052.
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SOUND EFFECTS GENERATOR KIT Produces sounds ranging
from bird chips to sirens. Complete with speaker, add sound effects
to your projects for just £9 ref 1045.
16 WATT FM TRANSMITTER (BUILT) 4 stage high power,
preamp required 12-18vdc, can use ground plane, yagi or open
dipole. E69 ref 1021
HUMIDITY METER KIT Builds into a precision LCD humidity
meter. 9 is design, pcb, lcd display and all components included. £29
PC TNER KR Four channel output controlled by your PC, will
switch high current mains with relays (supplied). Software supplied
so you can program the channels to dowhat you want whenever you
want. Minimum system configeration is 286, VGA, 4.1,640k, serial
port, hard drive with min 100k free. £24.99
FM CORDLESSM ICROPHON E This unitis an FM broadcasting
station in minature, 3 transistor transmitter with electret condenser
mic+fetarnp design result in maximum sensitivity and b road f reque ncy
response. 90-105mhz, 50- 1500hz, 500 toot range in open country!
PP3 battery required. £15.00 ref 15P42A.
MAGNETIC MARBLES They have been around for a number of
years but still give rise to curiosity and amazement. A pack of 12 is just
3.99 ref GI/R20

N ICKEL PLATING KIT Proffesional electroplating kit that will
transform rusting parts into showpieces in 3 hours! Will plate onto
steel, iron, bronze, gunmetal,copper, welded ,siNersddered orb razed
joints. Kit i ncludes enough to plate 1,000 sq inches. You will also need
a 12v supply, a container and 2 12v light bulbs. E39.99 ref NIK39.
Minature adjustable timers, 4 pole o/o output 3A 240v,
HY1230S, 12vDC adjustable from 0-30 secs. £4.99
HY1260M, 12vDC adjustable from 0-60 mins. £4.99
HY2405S, 240v adjustable from 0-5 secs. £4.99
HY24060m, 240v adjustable from 0-60 mins. £6.99
B UGGING TAPE RECORDER Small voice activated recorder,
uses micro ca ssette c om pl ete with headphones. E28.99 ref MA R29P1.

POWER SUPPLY fully cased with mains and o/p leads 17v DC
900mA output. Bargain price £5.99 ref MAG6P9
9v DC POWEHSUPPLTStandard plug in type 150ma 9v DCwith
lead and DC power plug. price for two is £2.99 ref AUG3P4.
COMPOSITE VIDEO KR. Converts composite video into sepa-
rate H sync, V sync, and video. 12v DC £8.00 REF: MAG8P2.
FUTURE PC POWER SUPPLIES These are 295x 135x60m m,
4 drive connectors 1 mother board connector. 150watt, 12v fan, iec
inlet and on/off switch. £12 Ref EF6.
VENUS FLYTRAP HITGrow your own carnivorous plantwith this
simple Idt £3 ref EF34.
6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm
130mA. Bargain price just £5.99 ea REF MAG6P12.
FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99
ref MAG5P13 ideal for experimenters! 30 m for E12.99 ref MAG13P1

ROCK LIGHTS Unusual things these, two pieces of rock that glow
when rubbed together! belived to cause rain!E3 a pair Ref EF29.
3' by 1' AMORPHOUS SOLAR PANELS 14.5v, 700nA 10
watts, aluminium frame, screw terminals, £4495 ref MAG45.
ELECTRONICACCUPUNCTURE KfTf3tilds intoan electronic
version instead of need es! good to experiment with. E7 ref 7P30
SHOCKING COIL KIT Build this little battery operated device into
all sorts of things, also gets worms out of the ground! E7 ref 7P36.
FLYING PARROTS Easily assembled kit that builds a parrot that
actually haps its wings and flies! 50 m range £6 ref EF2.
HIGH POWER CATAPULTS Hinged arm brace for stability,
tempered steel yoke, super strength latex power bands. Departure
speed ofammunition is in excess of 200 miles per hour! Range of over

200 metres! £7.99 ref R19
BALLON MANUFACTURING KIT Bntish made, small blob
blows into a large, longlasting balloon, hours of fun! E3.99 ref GI/E99R

9-0-9V 4A TRANSFORMERS, chassis mount £7 ref LOT19A

2.6 KILOWATT INVERTERS, Packed with batteries etc
but as they weigh about 100kg CALLERS ONLY) f120.
MEGA LED DISPLAYS Build your self a clock or something with
these mega 7 seg displays 55mm high, 38mm wide. 5 on a pcbforjust
£4.99 ref LOT16 or a bumper pack of 50 displays for just E29 ref
LOT17.

CLEARANCE SECTION, MINIMUM ORDER
£15, NO TECHNICAL DETAILS AVAILABLE,
NO RETURNS, TRADE WELCOME.
2000 RESISTORS ON A REEL (SAME VALUE) 99P REF BAR340
AT LEAST 200 CAPACITORS (SAME VALUE 99P REF BAR342
INFRA RED REMOTE CONTROLS JUST 99P REF BAR333
CIRCUIT BREAKERS, OUR CHOICE TOCLEAR99P REF BAR335
MICROWAVE CONTROL PANELS TO CLEAR E2 REF BAR 329
2 TUBES OF CHIPS(2 TYPES OUR CHOICE) 90P REF BAR305
LOTTERY PREDICTOR MACHINE!! JUST E1.50 REF BAR313
HELLA L/ROVER ELECTRIC H/LAMP LEVELLER E2 REF BAR311
SINCLAIR C5 18" TYRES TO CLEAR AT JUST 75P REF BAR318
LARGE MAINS MOTORS (NEW)TO CLEAR AT 75P REF BAR310
MODEMS ETC FOR STRIPPING E2.50 EACH REF BAR324
110V LARGE MOTORS (NEW) TO CLEAR AT 50P REF BAR332
MODULATOR UNITS UNKNOWN SPEC JUST 50P REF BAR323
GX4000 GAMES COSOLES JUST £4 REF BAR320
SMART CASED MEMORY STORAGE DEVICE, LOADS OF BITS
INSIDE, PCB, MOTOR, CASE ETC. BUMPER PACK OF 5
COMPLETE UNITS TO CLEAR AT E250(FOR 5) REF BAR 330.
2 CORE MAINS CABLE 2M LENGTHS PACK OF 4 El REF BAR337
PC USER/BASIC MANUALS, LOADS OF INFO. El REF BAR304
PCB STRIPPERS TO CLEAR AT 2 FOR 99P REF BAR341
3 M SCORE MAINS CABLE AND 13A PLUG. 80P REF BAR325

WE BUY SURPLUS STOCK
FOR CASH

BUYERS DIRECT LINE 0802 660377

FREE CATALOGUE
100 PAGE CATALOGUE NOW
AVAILABLE. 45P STAMPS.



MOONSHINE BIBLE 270 page book coveting the production of
alchohol from potatoes. rice. grains etc Drawings of simple home
made stills right through to commercial systems. £12 ref MS3
NEW HIGH POWER MINI BUG With a range of 800 metres or
more and up to 100 hours use from a PP3 tits wit be popular' Bug
measures less than 1' square' E28 Ref LOT 102.
SINCLAIR C6 MOTORS We have a new ones available without
gearboxes at £50 ref LOT25

BUILD YOU OWN WINDFARM FROM SCRAP New
publication gives step by step guide to building wind generators.
Armed with this publication and a good local scrap yard could make
you self sufficient in electricity! £12 ref LOT81

PC KEYBOARDS PS2 connector, top quality suitable for all 286/
386/486 etc £10 ref PCKB. 10 for £65.

TRACKING TRANSMITTER range 1.5-5 miles, 5.000 hours on
,AA batteries, also transmits info on car direction and motion!Works
with any FM radio. 1.5' square. £65 ref LOT101
ELECTRIC DOOR LOCKS Complete lock with both Yale lock
and 12v operated deadlock (keys included) £10 ref LOT99
GALLIUM ARSENIDE FISHEYE PHOTO DIODES Complete
with suggested circuits for long range communications\ switching
£12 complete.

SURVEILLANCE TELESCOPE Superb Russian zoom
telescope adjustable from 15x to 60xl complete with metal tnpod
(imposible to use without this on the higher settings) 66mm lense.
leather carrying case E149 ref BAR69
WIRELESS VIDEO BUG KIT Transmits video and audio
signals from a ra nature CCTV camera (included) to any standard
television! All the components including a PP3 battery will fit into a
cigarette packet with the lens requiring a hole about 3mm diameter.
Supplied with telescopic aerial but a piece of wire about 4' long will
still give a range of up to 100 metres. A single PP3 will probably give
less than 1 hours use. E99 REF EP79. (probably not licensable!)

CCTV CAMERA MODULES 46X70X29mm, 30 grams, 12v
100mA auto electronic shutter, 3.6mm F2 lens. CCIR, 512x492
pixels, video output is 1v p -p (75 ohm). Works directly into a start or
video input on a tv or video. IR sensitive. £79.95 ref EF137
IR LAMP KIT Suitable for the above camera, enables the camera
to be used in total darkness! E5.99 ref EF138

INFRA RED POWERBEAM Handheld battery powered lamp, 4
inch reflector, krypton bulb, gives out powerful infrared lighti4 D cells
required. E39 ref PB1

MONO VGA MONITORS, Petted condition, Compaq, 14', 3
months warranty £29 ref MVGA
SOLAR COOKER GUIDE Comprehensive plans

9 WATT CHIEFTAN TANK LASERS
Double beam units designed to ht in thegun barrel of a tank. each unit
has two semi conductor lasers and motor drive units for alignement.
7 mile range, full circuit diagrams, new price £50,000? us? £349.
Each unit has two gallium Arsenide injection lasers, 1 x 9 watt, 1 x
3 watt. 900nm wavelength, 28vdc, 600hz pulsefrequency. The units
also contain an electronic receiver to detect reflected signals from
targets. five or more units £299 ea. £349 for one. Ref LOT4.
TWO WAY MIRROR KIT Ind udes special adhesive film to make
two way mirror(s) up to 60'x20' (glass not included) includes full
instructions. E12 ref TW1.

NEW LOW PRICEDCOMPUTEFtWORKSHOP/H FFI RCB
UNITS Complete protection from faulty equipment for everybody!
!Nine unithtsin standard IEC lead (extends it by 750mm). fitted in less
than 10 seconds, reset/test button, 10A rating. £6.99 each ref LOTS.
Ora pack of 10 at £49.90 ref LOTS If you want a box of 100 you can
have one for E250!

RADIO CONTROLLED CARS FROM E6 EACHIII! Afl
returns from famous manufacturer. 3 types available, single channel
(left, rightfonvardsbackwards)E6 ref LOT1 Two channel with more
features E12 ref LOT2.

THOUSANDS AVAILABLE RING/FAX FOR DETAILS!
MAGNETIC CARD READERS (Synpes) E9.95 Cased with
fyleads, designed to read standard credit cards' they have 3 wires
coming out of the head so they may write as well? complete with
control elctronics PCB. just £9 95 ref BAR31
WANT TO MAKE SOME MONEY? STUCK FOR AN
IDEA? We have collated 140 business manuals that give you
information on setting up different businesses, you peruse these at
your leisure using the text editor on your PC. Also included is the
certifcateenabling you to reproduce(and sell)the manuals as much
as you like! £14 ref EP74

PANORAMIC CAMERA OFFER Takes double width
photographs using standard 35mm film. Use in horizontal or vertical
mode. Complete with strap £7.99 ref BART

COIN OPERATED TIMER KIT Complete with coinslot
mechanism, adjustable time delay, relay output, put a condo on
anything you Ike! TV,s. videos, fndges, dnnks cupboards, HIFI.
takes 50p's and £1 cans. DC operated, once justE7.99 ref BAR27.
ZENITH 900 X MAGNIFICATION MICROSCOPE Zoom,
metal construction. built in light, shrimp farm. group viewing screen,
lots of accessones. £29 ref ANAYLT.

AA NICAD PACK Pack o4 tagged AA nicads £2.99 ref BAR34
PLASMA SCREENS 222x31Ornm, no data hence E4.99 ref
BAR87
N IGHTSIGHTS Model TZS4 with infra red illuminator, views up to
75 metres in full darkness in infrared mode, 150m range, 45mm lens,
13 deg angle of view, focussing range 1.5m to infinity. 2 AA batteries
required 950g weight. £199 ref BARBI. 1 years warranty
LIQUID CRYSTAL DISPLAYS Bargain prices,
16 character 2 line, 99x24mm £2.99 ref SM1623A
20 character 2 line, 83x19mm £399 ref SM2020A
16 character 4 line, 62x25mm £5.99 ref SMC1640A
TAL-1110MM NEWTONIAN REFLECTOR TELESCOPE
Russian. Superb astronomical 'scope, everything you need for some
serious star gazing! up to 169x magnification Send or fax for further
information ref TAL-1, £249
SOLAR ENERGY/GENERATOR PLANS For your home,
loads of info on designing systems etc £7 ref PV1
SOLAR COOKERS Comprehensive guide to building solar
powered cookers, includes plans, recipes, cooking times etc E7 ref
SBC1

WOLN FRIIANIPTO!S BEAN
NON% ()PEN AT WORODSTER
witAmrt (INTEL 01

CENTRAL POINT PC TOOLS Award winning software, 1,300
virus checker, memory optimiser, disc optimiser, The compression,
low level formatting, backup scheduler, disk defragmenter, undelete,
4 calcdators, Obese, disc editor, over40 viewers, remote computing,
password protection. encryption, comprehensive manual supplied
etc £8 ref lot 97 3.5' disks.

GOT AN EXPENSIVE BIKE? You need one of our bottle alarms,
they look like a standard water bottle, but open the top, insert a key to
activate a motion sensor alarm built inside. Fits all standard bottle
carriers, supplied with two keys SALE PRICE E7.99 REF SA32.

COLOUR
CCTV VIDEO
CAMERAS,
BRAND NEW,
CASED, £119.
PERFECT FOR
SURVEILLANCE
INTERNET
VIDEO CONFERENCING
SECURITY
DOMESTIC VIDEO
Works with most modern video's, TV's,
Composite monitors, video g rabber ca rds etc
Pal, 1v P -P, composite, 76ohm, 1/3" CCD, 4mm F2.8,
600x682, 12vdc, mounting bracket, auto shutter,
100:60x180mm, 3 months warranty,10 or more E99 ea.

Check out our
WEB SITE

http://www.pavilion.00.uk/bull-eleotrioal

GOT AN EXPENSIVEANYTHING?You need one of ourcased
vibration alarms, keyswitch operated, fully cased just fit it to
anything from videos to caravans. provides a years protection from 1
PP3 battery, UK made. SALE PRICE E4.99 REF SA33.

DAMAGED ANSWER PHONES These are probably beyond
repar so just £4.99 each, BT response 200 machines. REF SA30.
IBM PS2 MODEL 160Z CASE AND POWER SUPPLY
Complete with fan etc and 200 watt power supply. £9.95 ref EP67
DELL PC POWER SUPPLIES 145 watt, +5,-5,+12-12,
150x150x85mm complete with switch, flyleads and IEC socket.
SALE PRICE OM ref EP55
1.44 DISC DRIVES Standard PC 3.5' drives but returns so they
will need attention SALE PRICE E4.99 ref EP68

1.2 DISC DRIVES Standard 525' drives but returns so they will
need attention SALE PRICE NOW ONLY E3.50 ref EP69
PP3 N CADS Unused but some storage marks. £4.99 ref EP52
DELL PC POWER SUPPLIES (Customer retums)Standard PC
psu's complete with fly leads, case and tan. +12v,-12v,+5v,-5v SALE
PRICE E1.99 EACH worth it for the bits alone! ref DLL. TRADE PACK
OF 20 E29.95 Ref DL2.

GAS HOBS ANDOVENS Brand new gas appliances. perfect for
small flats etc. Basic 3 burner hob SALE PRICE E24.99 ref EP72.
Basic small built in oven SALE PRICE E79 ref EP73
ENERGY BANK KIT 1006'x6' 6v 100nA panels, 100 diodes.
connection details etc. £69.95 ref EF 112

PASTEL ACCOUNTS SOFTWARE, does everything for all
sizesof businesses.indudes word:processor report writer. windowing,
networkable up to 10 stations, multiple cash books etc. 200 page
comprehensive manual. 90 days free technical support (01342-

SOSTE OP OUR PRODUCTS MAY BE UNLICENSABLE TN THE UK

BUL_LELECTRICAL
250 POND ROAD,110vE, sussEN

TOWP.flt (itifIARIANIE1) 50 1"
LRDRptittagli A".BAIL O E PO OR ciIEQUE

EmE.magliamirAmmtnkt Mks VAT.
MATTIomitevtiHem4caKE. ORDERS

Vilt:GGPA

.023077

326009 try before you buy!) Current retail price is E129, SALE
PRICE E9.95 ref SA12. SAVE E120!!!

RACAL MODEM BONANZA! 1Racal MPS 12231200/75modem,
telephone lead, mains lead, manual and comms software, the
cheapest way onto the net! all this for just £13 ref DEC13.
BULL TENS UNIT Fully built and tested TENS (Transcutaneous
Electrical Nerve Stimulation) unit, complete with electrodes and full
instructions. TENS is used for the relief of pain etc in up to 70% of
sufferers. Drug free pain relief, safe and easy to use, can be used in
conjunction with analgesics etc. £49 Ref TEN/1

PC PAL VGA TO TV CONVERTER Converts a colour TV into
a basic VGA sc reen. Complete with built in psu, lead and s/w are.. Ideal
for laptops or a cheap upgrade. Supplied in kit form for home
assembly. SALE PRICE E25 REF SA34

EMERGENCY LIGHTING UNIT Complete unit with 2 double
bulb floodlights, butt in charger and auto switch. Fully cased. 6v 8AH
lead acid req d (secondhand) £4 ref MAG4P11.
YUASHA SEALED LEAD ACID BATTERIES Two sizes
currently available this month. 12v 15AH at £18 ref LOT8 and 6v 10AH
(suitable for emergency lights above) at just E6 ref LOT7.
ELECTRIC CAR WINDOW DE-ICERS Complete with cable,
plug etc SALE PRICE JUST E4.99 REF SA28

AUTOSUNCHARGER 155x300mm solarpanel with diode and 3
metre lead fined with a cigar plug 12v 2watt. £9.99 REF SA25

MICRODRIVE STRIPPERS Small cased tape dnves ideal for
stnpping, lots of useful goodies including a smart case, and lots of
components. SALE PRICE JUST E4.99 FOR FIVE REF SA26

SOLAR POWER LAB SPECIAL You get TWO Fx6' 6v 130mA
solar cells, 4 LED's wire. buzzer, switch plus 1 relay or motor. Superb
value kit SALE PRICE JUST E4.99 REF SA27

RGB/CGA/EGA/TTL COLOUR MONITORS 12' in good
condition. Back anodised metal case. SALE PRICE E49 REF SA16B
PLUG IN ACORN PSU 19s, AC 14w . £2.99 REF MAG3P 10
13.8V 1.9A PSU cased with leads. Just £9.99 REF hAAG10P3

UNIVERSAL SPEED CONTROLLER KR Designed by us for
the C5 motor but ok for any 12v motor up to 30A. Complete with PCB
etc. A heat sink may be required. £17.00 REF: MAG17
PHONE CABLE AND COMPUTER COMMUNICATIONS
PACK Kit contains 100m of 6 core cable. 100 cable clips, 2 line
drivers with RS232 interfaces and all connectors etc. Ideal low cost
method of communicating between PCs over a long distance utilizing
the serial ports. Complete kit £8.99. Ref comp).
VIEWDATA SYSTEMS made by Phillips, complete with intemal
1200/75 modem, keyboard. psu etc RGB and composite outputs.
menu dnven, autodialler etc. SALE PRICE E12.99 REF SA18
AIR RIFLES .22 As used by the Chinese army for training puposes,
so there is a lot about! £39,95 Ref EF78. 500 pellets E4.50 ref EF80
VIDEO SENDER UNIT. Transmits both audio and video signals
from either a video camera, video recorder, TV or Computeretc to any
standard TV set in a 100' range! (tune TV to a spare channel) 12v DC
op, Pnce is £25 REF: MAG15 12v psu is £5 extra REF: MAG5P2
' MINATURE RADIO TRANSCEIVERS A pairofwalkie talkies
witha range up to 2 km in open country. UNtsmeasure2a52x155mm.

M AG30
 FM TRANSMITTER KR housed in a standard working 13A
adapter!! the bug runs directly offthe mains so lasts foreved why pay
E7009 or pnce is £15 REF: EF62 (kit) Transmits to any FM radio.
' FM BUG BUILT AN D TESTED superior design to kit. Supplied
to detective agencies. 9v battery req'd. £14 REF: MAG14
GAT AIR PISTOL PACK Complete with pistol, darts and pellets
£12 95 Ref EF82B extra pellets (500) £4.50 ref EF80
6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm
13CrnA SALE PRICE £4.99 REF SA24
FIBRE OPTIC CABLE BUMPER PACK 10 metres for E4 99
ref MAG5P13 ideal for expenmenters, 30 m for E12 99 ref MAG13P1

MIXED GOODIES BOX OF
MIXED COMPONENTS WEIGHING 2 KILOS

YOURS FOR JUST £6.99

4X28 TELESCOPIC SIGHTS Salablefor all air rifles, ground
lenses, good light gathering properties £19.95 ref RP.
GYROSCOPES Rem em bert hese? well we have found a company
that still manufactures these popular scientific toys. perfect gift or for
educational use etc £6 ref EP70

HYPOTHERMIA SPACE BLANKET 215x150cm aluminised
foil blanket, reflects more than 90% of body heat. Also suitable for the
construction of two way mirrors! £3.99 each ref 0/L041.

LENSTATIC RANGER COMPASS Oil filled capsule, strong
metal case, large luminous points Sight line with magnifying viewer
50mm dia, 86gm. £1029 ref 0/K604.

RECHARGE ORDINARY BATTERIES UP TO 10 TINES!
With the Battery Wizard! Uses the latest pulse wave charge system
to charge all popular brands of ordinary batteries AAA. M. C, D. four
at alimelLed system showsw hen batteries are charged, automatically
rejects unsuitable cells, complete with mans adaptor. BS approved.
Price is £21.95 ref EP31.

TALKING WATCH Yes, it actually tells you the time at the press of
a button. Also features a voice alarm that wakes you up and tells you
what the time is! Lithium cell included. £7.99 ref EP26,

PHOTOGRAPHIC RADAR TRAPS CAN COST YOU
YOUR LICENCE! The new multiband 2000 radar detector can
prevent even the most responsible of drivers from losing theirlicence!
Adjustable audible alarm with Sflashing leds gives instant warning of
radar zones Detects X, K, and Ka bands, 3 mile range, 'over the hill'
'around bends' and 'reartrap facilities. micro sizejust4.25'x2.5'x.75',
Can pay for itself in just one day! £79.95 ref E P3.
r DISCS As used on older Amstrad machines. Spectrum plus3's
etc £3 each ref BAR400.

STEREO MICROSOPES BACK IN STOCK Russian. 200x
complete with lenses, lights, filters etc etc very comprehensive
microscope that would normally be around the E700 mark, our pnce
is just £299 (full money back guarantee) full details in catalogue

WE BUY SURPLUS STOCK
FOR CASH

BUYERS DIRECT LINE 0802 660377
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Young Electronic Designer Award
The Young Electronic Designer Awards are open to all kill time
students between the ages of 12 and 25. The aim of the Award
is to encourage people studying electronics to design and
produce a practical device or system that satisfies an everyday
need. Project can be an integral part of students' course work.

The Awards are co -sponsored by Mercury
Telecommunications and Texas Instruments (TI) in association
with the Institution of Electrical Engineers (IEE) particularly to
encourage the designers of the future to look at electronics in a
practical and production -oriented way. Electronics courses have
often been criticised for producing graduates with very little
appreciation of the needs business or customers in the real
world, even at the most basic production levels.

The YEDA judging criteria closely match those used by
commercial organisations to assess new technical
developments: originality, technical competence and reliability,
construction and presentation, everyday usefulness and
commercial feasibility. This means that the designer must
understand something about the people who will use the
finished article, ease and safety of use, reliability and demand.

Prizes include cash awards of up to £2,500 to be shared by
the winning students and their schools or universities, computer
and communications equipment, certificates and trophies.

1996's winners included a microprocessor -based
sunbathing warning device, an accessible multimedia education
system, a head -up stopping display for motor cards and an
audio pre -amplifier, among others.

Completed entry forms must be in by 31st January 1997,
regional judging takes place between 20th and 28th February

1997, and the finals are at the Science Museum, London, on
25 and 26th March 1997, culminating in a gala presentation
dinner on 26th.

Entry forms and further details are available from The YEDA
Trust, 60 Lower St., Pulborough, W. Sussex RH2O 2BW. Tel
01798 874767 Fax 01798 873550.

Keen electronics hobbyists at school or university but not
studying in the electronics stream may not be aware of the
competition. If you are one, it may be worth getting an entry
form to find out if you are eligible.

rIt s
South Essex Amateur Radio Society Radio Rally takes place at the Paddocks (on the
A130), Long Road, Canvey Island, Essex from 10.30. Admission £1.00. Further
details from David G4UVJ tel 01268 697978 ... Microsoft, the software giant that
produces many of the world's leading PC packages, is considering putting a software
licence lock into Microsoft Office 97, the forthcoming version of its best selling
Microsoft Office suite. Microsoft's researchers have calculated that software piracy is
still running at around 38%. This implies that if software piracy could be stopped
altogether, the turnover of Microsoft and other major software producers would
increase by nearly 40%. Software producers have been striving for a long time to find
a reliable way of limiting the reinstallability of major software, without deterring
legitimate users concerned about being unable to reinstall software after hardware
crashes, disk damage and other secondary causes of software malfunction, as well
as reinstalling after hardware upgrades which, in today's climate of escalating

memory requirements, are often undertaken annually or more often ...

ODSMODSMODSMODSM

In the ETI MicroAmp, part 2. November 199t.
figure 7. R114. 115 and 116 should be 3k3. In
figure 8, the capacitors on pin 5/8 of 1C10 and 5/8
of IC13 are C43 and C49 respectively, and should
both be 22p. The Parts List (which appeared in
October in Part 1) is correct.
In the Powerline Signal Controller. part 1. October
1996: in figure 2. 01. 02 and Q3 should all be
2N3903. Otherwise, the BC548 (03) should be
where 01 (the 2N3903) is shown, and vice -versa.
In figure 3, the capacitor between T1 and R7 is
C3. The connection of C1 to C7 is shown
differently in figures 2 and 3, but either
configuration will work.

In Part 2, November 1996, Q1 should be a
PNP BC558. In figure 5, C1 should be 470n;C3 is
back to front (figure 6 is correct). D2 should be a
15V device. not 3.9V as shown. In figure 6. C6 is
next to C3, with C5 below it and T1 alongside.

ELECTRONICS TODAY INTERNATIONAL
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TRANSISTORS FUSES
PART PRICE PART PRICE PART PRICE PART PRICE
BU105
BU108
BU109
BU110
BU111
BU124
BU125
BU126
BU133
BU137
BU180
BU184
BU204
BU205
BU206
BU207
BU208
BU208A
BU208AT
BU208D
BU209
BU225
BU226
BU312
BU325
BU326A
BU406
BU406D
BU407
BU407D
BU408

80P
100P
80P
90P

100P
60P

100P
65P

125P
150P
100P
100P
65P
70P

100P
150P
70P
75P

200P
130P
90P

120P
120P
90P
55P
75P
60P
85P
55P
75P
60P

BU408D
BU409
BU426A
BU506DF
BU508APH
BU508AF
BU508APH
BU508D
BU508DF
BU508DR
BU508V
BU508VF
BU801
BU806
BU807
BU2508A
BU2508AAF
BU2508D
BU2508DF
BU2520AF
BU2520DF
BU2525AF
BUH315
BUH515
BUH517
BUH715
BUT11AF
BUT12
BUT13
BUT18

75P
85P
70P

120P
80P
95P
80P
90P

115P
130P
110P
100P
70P
70P
60P

130P
130P
130P
150P
225P
225P
325P
200P
200P
275P
425P
55P
80P

310P
80P

BUT18AF
BUT3OV
BUT56A
RF450
RF520
R F530
RF540
RF610
R F630
R F640
R F730
R F740
R F820
R F830
R F840
R F9530
R F9540
RF9610
R F9620
R F9630
R F9640
RFBC30
R FC40

MJ2501
MJ2955
MJ15003
MJ15004
MJ15015
MJ15016
MJ15022
MJ15023

80P
1700P

100P
650P
150P
300P
300P
150P
150P
400P
175P
400P
150P
225P
200P
400P
300P
200P
225P
325P
375P
200P
400P
100P
55P

250P
300P
250P
350P
250P
400P

MJ15024
MJ15025
MJE13004
MJE13005
MJE13007
MJE13009
MJE15028
MJE15029
MJE15030
MJE15031
MJE18004
0C28
0C29
0C35
0C36
S2000A3
S2000AF
S2055A
S2055AF
2N3053
2N3054
2N3055
2N3055H
2N3440
2N3441
2N3442
2N3771
2N3772
2N3773

400P
700P
100P

60P
100P

100P
200P
200P
250P
400P
125P
350P
250P
350P
250P
175P
175P
175P
200P

18P
40P
38P
50P
45P

175P
85P
85P
90P

100P

SATELLITE PSU REPAIR KITS
Experience shows hat 50% of all receiver power supplies 'bounce' unless the
correct precautionary measures are taken when being serviced. A kit of all the
recommended parts is supplied for the most popular models, which when fitted
should overcome this.

MAKE & MODELS ORDER CODE PRICE
PACE PRD800. PRD900
PACE SS900, 9200, 9010,9210, 9020, 9220
AMSTRAD SRD510. SRD520
AMSTRAD SRD500
AMSTRAD SRX340, SRX345, SRX350
PACE D100/150
CHURCHILL D2MAC
PACE MSS100
PACE MSS200/300 APPOLLO
PACE MSS500/1000
FERGUSON SRD4
ECHOSTAR SR5500
ECHOSTAR 6500/7700/8700
AMSTRAD SRD600
MIMTEC (Surensen)
AMSTRAD SRD700/SR950/SRX100/302
SRX501/502/1002/2001/SRD2000 SAT250

SATPSU1
SATPSU2
SATPSU3
SATPSU4
SATPSU5
SATPSU6
SATPSU7
SATPSU8
SATSPU9
SATPSU10
SATPSU11
SATPSU12
SARPSU13
SATPSU14
SATPSU15

SATPSU16

650P
650P
650P
650P
650P
650P
650P
730P
650P

1230P
835P

1735P
3125P
3125P

775P

730P

TIME LAG (20mm) QUICK BLOW (20mm)
CURRENT RATING ORDER CODE PRICE ORDER CODE PRICE
100mA FUSE36 75P FUSE37 60P
160mA FUSE01 75P FUSE17 60P
250mA FUSE02 75P FUSE18 60P
315mA FUSE 03 75P FUSE19 60P
400mA FUSE04 75P FUSE20 60P
500mA FUSE05 75P FUSE21 60P
630mA FUSE06 75P FUSE22 60P
800mA FUSE07 60P FUSE23 60P
IA FUSE08 60P FUSE24 60P
1.25A FUSE09 60P FUSE25 60P
1.6A FUSE10 60P FUSE26 60P
2A FUSE11 50P FUSE27 60P
2.5A FUSE12 50P FUSE28 60P
3.15A FUSE13 55P FUSE29 50P
4A FUSE14 55P FUSE30 50P
5A FUSE15 60P FUSE31 50P
6.3A FUSE16 60P FUSE32 50P

CERAMIC PLUG TOP

CURRENT RATING ORDER CODE I PRICE
3A FUSE33 100P
5A FUSE34 100P
13A FUSE35 100P

20mm CERAMIC TIME LAG

CURRENT RATING ORDER I PRICE
CODE

6.3A FUSE38 100P
8A FUSE39 100P
10A FUSE40 100P
3.15A FUSE41 85P
4A FUSE42 85P
5A FUSE43 85P

32mm CERAMIC SLOW BLOW

CURRENT RATING ORDER
CODE

PRICE

8A FUSE44 185P
10A FUSE45 185p
15A FUSE46 185P
20A FUSE47 210P

38mm CERAMIC TIME LAG
CURRENT RATING ORDER CODE I PRICE

10A FUSE:8 8250

**ALL THE ABOVE PRICES ARE ARE FOR PACKS OF 10 FUSES**

NB. ALL FUSES ARE MADE IN THE UK AND FULLY MEET BS4265 & BS1362 SAFETY
STANDARDS AND SHOULD NOT BE COMPARED WITH CHEAP IMPORTED TYPES.

SOLDERING ACCESORIES

PACE 9000 SWITCH MODE TRANSFORMER
ORDER CODE; PACE9000 PRICE 800p

SERVICE AIDS
DESCRIPTION VOLUME CODE PRICE
VIDEO HEAD CLEANER
VIDEO HEAD CLEANER
SWITCH CLEANER
SUPER 40
SILICONE GEASE
FREEZE IT
FREEZE IT
FOAM CLEANER
ANTI STATIC
AEROKLEANE
AERO DUSTER
AERO DUSTER
PLASTIC SEAL
GLASS CLEANER
COLDKLENE
EXCEL POLISH 80
ADHESIVE 120
LABEL REMOVER 130
REFURB 140
TUBE SILICON GREASE
TUBE SILICON SEALANT WHITE
TUBE SILICON SEALANT CLEAR
TUBE HEAT SINK COMPOUND
DRIVE CLEANER
SCREEN CLEANER
COMPUTER CARE KIT
ANTI STATIC FOAM CLEANER
AIR DUSTER

75 ML
200 ML
176 ML
400 ML
200 ML
170 ML
400 ML
400 ML
150 ML
200 ML
150 ML
400 ML
200 ML
250 ML
250 ML
250 ML
400 ML
200 ML
400ML
50 GRAMMES
75ML
75 ML
25 GRAMMES
200ML
200 ML

400 ML
400 ML

SPO1
SP27
SPO2
SP15
SPO3
SPO4
SP16
SPO5
SPO6
SPO7
SPO8
SPI7
SPO9
SPIO
SP13
SP18
SP19
SP20
SP21
SP11
SP22
SP23
SP12
SP24
SP25
SP26
SP28
SP29

160P
250P
170P
250P
210P
300P
600P
180P
190P
220P
310P
550P
250P
160P
230P
150P
190P
240P
240P
220P
280P
280P
150p
150p
150P

2100P
175p
450P

ALL THE ABOVE ITEMS ARE MANUFACTURED BY SERVISOL
IF YOU PURCHASE MORE THAN ONE SERVISOL PRODUCT POSTAGE & PACKAGE WILL BE

CHARGED AS FOLLOWS: 300p FOR 5 CANS 450p FOR MORE THAN 5 CANS

GRANDATA LTD
K.P. HOUSE, UNIT 15, POP IN COMMERCIAL CENTRE,

SOUTHWAY, WEMBLY, MIDDLESEX, ENGLAND HA9 OHB
Telephone: 0181-900 2329 Fax: 0181-903 6126

OPEN Monday to Saturday.
Times: Mon -Fri 9.00-5.30 Sat 9.00-2.00

ANTEX SOLDERING IRONS
DESCRIPTION CODE PRICE
25 WATT 240 VAC (XS25W 240V)
15 WATT 240 VAC (XS 15W 240V)
25 WATT SPARE ELEMENT
15 WATT SPARE ELEMENT

S101
S102
S103
S104

900P
900P
450p
450p

SOLDERING STAND & SPONGES
DESCRIPTION CODE PRICE
SOLDERING STAND (MADE BY ANTEX)
SPARE SPONGE

S108 350p
S109 55p

SOLDER
DESCRIPTION

20
18 SWG 500 GRAMMES

SWG 500 GRAMMES
22 SWG 500 GRAMMES

CODE
SI10
Sill
SI12

PRICE
500P
650P
700P

DESOLDERING AIDS
DESCRIPTION CODE PRICE
'SOLUEH MOP S JANUAR GUAGE 1.2mm x 1.5 METRE S107
SOLDER MOP 1.2mm x 10 METRE S113
DESOLDERING PUMP S105
SPARE NOZZLE S106

8013
400P
320P
60P

8 way PREPROGRAMMED
Universal remote Control

A single remote control to operate
Televisions, Videos and Satellite
Receivers. Plus Auxilary Options!!
 Replaces up to 8 remotes with one

Simple 4 digit setup routine
 Controls 1000's of models

Teletext functions with Fastext
" Clear (large key) layout

Code Search Facility
* Stylish and easy to operate
* Replace broken or lost remotes

Original Remote not required

Order Code: 8 WAY Price: 1450P + VAT

8 way PREPROGRAMMED
Universal remote Control

The Optimum 8 way universal remote control
preprogrammed to operate up to 8 other
remote controls for Televisions, Videos and
Satellite Receivers. Plus Auxilary Options!!

Pre-programmed with learning capability
 Replaces up to 8 remotes with one
 Jog/Shuttle thumb control
' Illuminated key pad
' Clear key layout
 Easy access secondary keypad
' Teletext & Fast text function.
' Stylish and easy to operate
' Replace broken or lost remotes
' Original Remote not required
' Freefone Helpline (UK Only)

I Order Code: OPTIMUM 8 Price: 2100P VATI

PLEASE PHONE US FOR TYPE NOT LISTED HERE AS WE ARE
HOLDING 30,000 ITEMS AND QUOTATIONS ARE GIVEN FOR

LARGE QUANTITIES
Please send £1 P&P and VAT at 17.5°C. Govt. Colleges. etc.

Orders accepted. Please allow 7 days for delivery. Prices quoted are subject
to stock availability and may be changed without notice.

TV and video parts sold are replacement parts.
Access & Visa Card accepted

WE STOCK TV AND VIDEO SPARES. JAPANESE TRANSISTORS AND TDA
SERIES. PLEASE RING US FOR FURTHER INFORMATION.
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Supermaccurate alarm clock is good value
Do you know somebody - a family member maybe? - who
could make good use of a high -accuracy electronic alarm clock
for a non -alarming price? Oregon Scientific's Model RM 838
(available from branches of high street jewellers H. Samuel, and

Argos) not only promises to wake you gently and gradually with
a 2 -minute crescendo alarm, but is accurate to one -millionth of

a second per year thanks to the signal broadcast from the
official British standard frequency and time signal transmitter -

"MSF" - maintained by the National Physical Laboratory in

Middlesex.
The signal gives the time in hours, minutes and seconds,

date and day of the week (in four languages), and shows the
signal strength upon last reception if you are away from home.
The clock also adjusts to UK changes from British Summer
Time to Winter Time without knobs and buttons.

The RM 838 is priced at £19.99 and also features Oregon's

own "HiGlo" backlighting that lights up
when the alarm sounds or when the 8 -

minute snooze function is set. The MSF
60kHz time signal, based on a
Caesium atomic clock, is
received by each radio controlled
clock from a BT International
transmitter in Rugby, UK, with a

range of 1500 km (1000
miles).

For more information
see your local dealer or

contact Oregon
Scientific Tel 01628 836
688 Fax 01628 826 922.

IN an Advanced Logic Analyser
TO THE UK MARKET!

FEATURES:
 Genuine 50MHz capture, NOT glitch capture
 24 channels that can ALL capture at 50MHz
 Sophisticated Windowed Software
 High Speed Pan and Zoom
 Displays can be ordered for ease of use
 Hard copy printouts from a range of Printer types
 Save and Load Sessions
 Built-in terminal for Communications Designs
 User labels capability
 8K of trace memory (upgradeable to 32K)
 7 Trigger levels and conditions
 Advanced Clock facilities

This first rate unit can be yours if you win our
Design Award. This instrument will let you
know exactly what your code is doing and will
all the features you would expect from a unit

its award is co -sponsored by E71 designed for leading edge R&D work, and yet
rid Kanda Systems and offers it is extremely easy to use.
)u the chance to present your
esign skills and win a valuable prize. In addition you will have the opportunity to
irn your idea into a saleable product and get help with manufacturing and
rarketing. Even if you are not the prizewinner, you will have the possibility of
'orking with us to develop your idea if your design has commercial potential.

)mpetition Rules: 1. Open to anyone. regardless of age, gender, occupation etc., except employees of
dxus or Kanda Systems and their immediate relatives. 2. Entries welcome from groups, eg student

asses. 3. More than one entry can be accepted from any person or group. 4. The competition will be

dged jointly by Helen Armstrong, ETI editor, and Kanda Systems' senior design engineer, Kevin Kirk. 5.
re design must be based around a microcontroller 6. The judges' decision is final and no
irrespondence will be entered into. 7. Copyright of the design remains the property of the competitor. 8.
:ceptance of the award gives the competition sponsors the right to publicise the award. 9. Competitors
io do not win may, if their designs are of sufficient quality. be offered the opportunity to develop their

)sign in association with Kanda, and ETI may wish to feature their designs. 10. The closing date for
rtries is 30th March 1997, and NO entries can be accepted after this date.
he Winner will be notified by post and the presentation of the prize will be published in ETI. The
udges will make their own decision, but the following pointers may help: the design must work.
Economy of design (efficiency) will be considered. Imagination and originality are important.

Electronics ,e
and Kanda Systems present

The ETI-Kanda Design Award
You've always wanted a state of the art Logic Analyser and now is
your chance to win one. All you have to do is to design a circuit that
incorporates a microcontroller (PlC, 8032, etc.) and fulfils a

practical application. And if your design is deemed to be
commercially viable Kanda will work with you to turn it into a
finished product to be sold through the Kanda Catalogue

TO ENTER, simply send a description of your design, a
full circuit diagram and a clear explanation of the
application and function of the circuit plus a parts ist
directly to the address below. Extra information such as
test results, suggested PCB layout etc. may help us to
judge the design. Don't forget to include your name,
address and telephone number.

Please note that entries cannot be returned. Kanda and ETI do
not accept responsibility for any materials received. We recommend
that entrants either keep clear copies of all materials sent, or send
clear copies and retain the original drawings. Please do NOT send
hardware at this stage.

ELECTRONICS
TODAY INTERNATIONAL

ETI/Kanda Competition
Electronics Today International
Nexus House
Boundary Way
Hemel Hempstead
HP2 7ST UK



THOUSANDS PURCHASED
BY PROFESSIONAL USERS

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W -r 100W) MXF400 (200W + 200W)

MXF600 (300W + 300W) MXF900 (450W + 450W)
ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN

FEATURES: *Independent power supplies with two toroidal transformers * Twin L.E.D. Vu meters *
Level controls t Illuminated on/off switch * XLR connectors * Standard 775mV inputs t Open and short circuit
proof * Latest Mos-Fets for stress free power delivery into virtually any load ,t High slew rate * Very low
distortion C Aluminium cases * MXF600 & MXF900 fan cooled with D.C. loudspeaker and thermal protection.

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 WI 9"xH3',1" (2U)0311"
MXF400 W19":415`,.," (31.1)AD12"
MXF600 W19"xH5',.." (3U)A113"
MXF900W19"xH5`,.." (3U)::1314.,"

PRICES:- MXF200 C175.00 MXF400 C233.85
MXF600 0329.00 MXF900 C449.15
SPECIALIST CARRIER DEL. £12.50 EACH

Advanced 3 -Way Stereo Active Cross -Over, housed in a 19" x 1U case. Each channel has three level controls:
bass, mid & top. The removable front fascia allows access to the programmable DIL switches to adjust the
cross -over frequency: Bass -Mid 250/500/800Hz, Mid -Top 1.8/3/5KHz. all at 24dB per octave. Bass invert switches
on each bass channel. Nominal 775mV input/output. Fully compatible with OMP rack amplifier and modules.

Price £117.44 + £5.00 P&P
* ECHO & SOUND EFFECTS*

STEREO DISCO MIXER with 2 x 7 band
L & R graphic equalisers with bar graph
LED Vu meters. MANY OUTSTANDING
FEATURES:. including Echo with repeat &
speed control, DJ Mic with talk -over
switch, 6 Channels with individual faders
plus cross fade, Cue Headphone Monitor. 8
Sound Effects. Useful combination of the
following inputs:- 3 turntables (mag), 3
miss, 5 Line for CD, Tape, Video etc.

Price £144.99 £5.00 P&P SIZE: 482 x 240 x 120mm

Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved
transient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required
these units can be added to existing speaker systems of up to 100 watts (more if two are put in series. FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.

TYPE 'A' (KSN1036A) 3 round with protective wire mesh. Ideal for
bookshelf and medium sized Hi-Fi apeakers. Price C4.90 ' 50p P&P.
TYPE 'B' (KSN1005A) 3'/," super horn for general purpose speakers,
disco and P.A. systems etc. Price C5.99 - 50p P&P.
TYPE 'C' (KSN1016A) 2"x5" wide dispersion horn for quality Hi-Fi sys-
tems and quality discos etc. Price 06.99 - 50p P&P.
TYPE 'D' (KSN1025A) 2 x6 wide dispersion horn. Upper frequency
response retained extending down to mid -range (2KHz). Suitable for high
quality Hi-Fi systems and quality discos. Price 09.99 50p P&P.
TYPE 'E' (KSN1038A) 34.- horn tweeter with attractive silver finish trim.
Suitable for Hi-Fi monitor systems etc. Price C5.99 50p P&P.
LEVEL CONTROL Combines, on a recessed mounting plate, level control
and cabinet input jack socket. 85x85mm. Price £4.10 50p P&P.

rY*TYPE 'B

TYPE 'E'

TYPED

A new range of quality loudspeakers, designed to lake advantage of the latest
speaker technology and enclosure designs. Both models utilize studio quality
12" cast aluminium loudspeakers with factory fitted grilles. wide dispersion
constant directivity horns, extruded aluminium corner protection and steel
ball corners, complimented with heavy duty black covering. The enclosures
are fitted as standard with top hats for optional loudspeaker stands.

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz

ibl FC 12-100WATTS (100dB) PRICE C159.00 PER PAIR
fbi FC 12-200WATTS (100dB) PRICE C175.00 PER PAIR

SPECIALIST CARRIER DEL. £12.50 PER PAIR

OPTIONAL STANDS PRICE PER PAIR C49.00
Delivery £6.00 per pair

0
PRICES: 150W C49.99 250W C99.99

400W C109.95 P&P 02.00 EACH

-M1111111111111111esteme*

(Th

THREE SUPERB HIGH POWER
CAR STEREO BOOSTER AMPLIFIERS
150 WATTS (75 75) Stereo, 150W
Bridged Mono
250 WATTS (125 125) Stereo, 250W
Bridged Mono
400 WATTS (200 200) Stereo, 400W
Bridged Mono
ALL POWERS INTO 4 OHMS
Features:
* Stereo, bridgable mono * Choice of
high & low level inputs * L & R level
controls * Remote on -off * Speaker &
thermal orotection.

SUPPLIED READY BUILT AND TESTED.

These modules now enjoy a world-wide reputation for quality. reliability and performance at a realistic price. Four
models are available to suit the needs of the protessional and hobby market i.e. Industry, Leisure. Instrumental and Hi -F1
etc. When comparing prices, NOTE that all models include toroidal power supply, integral heat sink, glass fibre P.C.B. and
drive circuits to power a compatible Vu meter. All models are open and short circuit proof.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS
OMP/MF 100 Mos-Fet Output power 110 wafts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor 300, Slew Rate 45V/uS,
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 123 x 60mm.
PRICE £40.85 C3.50 P&P

OMP/MF 200 Mos-Fet Output power 200 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor 300, Slew Rate 50V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV. S.N.R.
-110 dB. Size 300 x 155 x 100mm.
PRICE £64.35 £4.00 P&P

OMP/MF 300 Mos-Fet Output power 300 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
3dB Damping Factor 300, Slew Rate 60V/uS,

T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 330 x 175 x 100mm.
PRICE £81.75 - £5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor 300, Slew Rate 75V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2
Second Anti -Thump Delay. Size 385 x 210 x 105mm.
PRICE 0132.85 - C5.00 P&P

OMP/MF 1000 Mos-Fet Output power 1000 watts
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms,
frequency response 1Hz - 100KHz -3dB, Damping
Factor > 300, Slew Rate 75V/uS, T.H.D. typical
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan
Cooled, D.C. Loudspeaker Protection, 2 Second
Anti -Thump Delay. Size 422 x 300 x 125mm.
PRICE 0259.00 £12.00 P&P

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS:
STANDARD INPUT SENS 500mV, BAND WIDTH 100KHz.
PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS

ibmV, BAND WIDTH 50K klx. ORDER STANDARD OR PEC.

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
(60p STAMPED) FOR COMPLETE LIST.

McKenzie and Fane Loudspeakers are also available.

ALL EMINENCE UNITS 8 OHMS IMPEDANCE
8" 100 WATT R.M.S. ME8-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO.
RES. FREQ. 72Hz, FREO. RESP. TO 4KHz. SENS 97dB. PRICE £32.71 C2.00 P&P
10" 100 WATT R.M.S. ME1 o-100 GUITAR. VOCAL. KEYBOARD, DISCO, EXCELLENT MID.
RES. FREQ. 71Hz, FREO. RESP. TO 7KHz, SENS97dB. PRICE 033.74 02.50 P&P
10" 200 WATT R.M.S. MEIO-200 GUITAR, KEY131), DISCO, VOCAL. EXCELLENT HIGH POWER MID.
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz. SENS 99dB. PRICE C43.47 - C2.50 P&P
12" 100 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR.
RES.FREO. 49Hz, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE 035.64 t 03.50 P&P
12" 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A., VOCAL, STAGE
MONITOR. RES. FREO 42Hz, FREQ. RESP. TO 10KHz, SENS 98dB. PRICE C36.67 - C3.50 P&P
12" 200 WATT R.M.S. ME12-200 GEN. PURPOSE, GUITAR. DISCO, VOCAL, EXCELLENT MID.
RES. FREQ. 58Hz, FREQ. RESP. TO &KHz, SENS 98dB. PRICE C46.71 - C3.50 P&P
12" 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC.
RES. FREQ. 47Hz, FREO. RESP. TO 5KHz, SENS 103dB. PRICE 070.19 - C3.50 P&P
15" 200 WATT R.M.S. MET 5-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.
RES. FREQ. 46Hz, FREO. RESP. TO 5KHz, SENS 99dB. PRICE 050.72 + C4.00 P&P
15" 300 WATT R.M.S. ME15-300 HIGH POWER BASS. INCLUDING BASS GUITAR.
RES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 103dB. PRICE C73.34 + C4.00 P&P

ALL EARBENDER UNITS 8 OHMS (Except EBB -50 s EB10-50 which are dual impedance tapped in 48 8 ohm)
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND
8- 50watt EBB -50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN -CAR.
RES. FREO. 40Hz, FREO. RESP. TO 7KHz SENS 97dB. PRICE C8.90 - C2.00 P&P
10" 50WATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN -CAR.
RES. FREQ. 40Hz, FREO. RESP. TO 5KHz, SENS. 99dB. PRICE C13.65 C2.50 P&P
10" 1 OOWATT EB10.100 BASS, HI-FI, STUDIO.
RES. FRED. 35Hz, FREO. RESP. TO 3KHz, SENS 96dB. PRICE 030.39 + C3.50 P&P
12" 100WATT EB12.100 BASS. STUDIO, HI-FI, EXCELLENT DISCO.
RES. FREO. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 C3.50 P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND
5`." 60WATT EB5-60TC (TWIN CONE) HI-FI, MULTI -ARRAY DISCO ETC.
RES. FREO. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB. PRICE C9.99 / C1.50 P&P

60WATT EB6-6OTC (TWIN CONE) HI-FI, MULTI -ARRAY DISCO ETC.
RES. FREO. 38Hz. FREQ. RESP. TO 20KHz, SENS 94dB. PRICE £10.99 + 1.50 P&P
8" 60WATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC.
RES. FREQ. 40Hz. FREO. RESP. TO 18KHz, SENS 89dB. PRICE 012.99 E.1.50 P&P
10" 60WATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC.
RES. FREO. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICE C16.49 C2.00 P&P

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS

COMPLETE WITH CIRCUIT AND INSTRUCTIONS
3W TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL
PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm. SUPPLY 12V a 0.5AMP

PRICE C14.85 - 01.00 P&P
FM MICRO TRANSMITTER 100-108MHz. VARICAP TUNED, COMPLETE WITH
VERY SENS FET MIC. RANGE 100.300m SIZE 56 x 46mm. SUPPLY 9V BATTERY.

PRICE 0850 C1.00 PAP PHOTO: 3W FM TRANSMITTER



btudy of the arguments
for and against the
massive level of
expenditure on

ion is a
study of all shades of scientific and
political opinion. In the academic
camp there are those who consider it
invaluable to fundamental new research, while others believe
that its scientific credentials are fundamentally flawed.

Amidst this wide spectrum of attitudes, the building of the
Space Station in various countries around the world gathers
pace. Unless there is a spectacular falling out of partners and
the budget collapses, it will become a reality. To tap into the
diverse strands of thought emanating from the groups
engaged in its implementation is to encounter a wholly new
world of outlook.

Why and wherefore
The Space Station is perceived as a significant technological
challenge that has the potential to push forward technology to
give the principal participants (the USA and Russia) a
competitive edge for new products in medicine, engineering,
communications and materials science.

It is a sad reflection that for over 50 years the world's great
powers have used their very best scientific resources to
develop weapons of mass destruction. The Space Station is
seen as a symbol of the transformation of the adversarial
aspect of technology to one of peace and co-operation. There
is also the argument that to support the Space Science in
Russia after the collapse of the Soviet Union will help to lessen
the risk of leakage of defence technology to certain undesirable
nations. There is also the argument that in the USA the project
could provide continuing employment for defence workers.

The Space Station is seen as offering unique research
facilities to study all manner of scientific and medical
phenomena in weightless conditions of space. Previous
experiments undertaken by the USA in micro -gravity have
largely been undertaken by NASA using shuttle flights of limited
duration. The European Space Agency EUREKA mission was
flown for a period of some nine months in space and
undertook a series of longer duration crystal growing
experiments. While much of this work was highly interesting,
opinion is divided over the relative value of continuing this line
of development.

The price tag
The Space Station will basically cost the USA around $17.4
billion to construct with international partners contributing an
additional $9 billion. It is estimated, also, that the extensive set

An internaboltientific
community is collaborating to
create the International Space

Station. Douglas Clarkeson looks at
the advances that can come from

space station research.

of 44 launches will add another
$19.6 billion by the year 2002.
By 2012, it is estimated that the
Space Station could have cost
in total $100 billion. The
expense of such a venture is not
so much in building it and

assembling it in space, but in
servicing the on -board crew.

The vast cost of the Space Station, however, gives a useful
indication of the cost of any future manned flights to Mars
using existing technology. The process of launching vehicle
hardware, supplies, fuel, life support systems and personnel
even into low earth orbit is currently exceedingly expensive.
Without explicitly declaring the Mars connection, there is no
doubt that in the longer term, perhaps around 2020, the life
support technology that would have been refined for the Space
Station would be exactly what is required for long manned
space flight. The continuing refinement of unmanned space
exploration vehicles, however, makes this lower cost form of
research more attractive.

History: the Western view
In many ways the Space Station follows the pattern of scientific
and political developments of recent times. This analysis also
examines aspects of space technology from a Western
perspective - which is one that not always provides a clear
perspective on previous achievements of the Soviet Bloc.

After the triumph of the Apollo moon landing of 1969, the
next stage was clearly seen as 'the Space Base', a 100 person
permanent space station. Following a review of the costs even
of resupplying such a station, NASA moved its priority to

constructing the Space Shuttle - a craft that would be essential
for the construction and re -supply of any future form of such

ELECTRONICS TODAY INTERNATIONAL
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project. Skylab, launched in 1973, supported limited missions
of 28, 56 and 84 days in space but it was not intended to form
the nucleus of a permanent observing post in space.

Up until 1979 there was discussion between the USA and
the USSR in relation to joint work using shuttle re -supply
missions and matined'Sal4 stations in orbit though with the
collapse of relations in 1979 this initiative was brought to a halt.
The first successful Shuttle launch of 1981 again focused
interest on what could be undertaken as the next step in the
exploration of space. At the height of the Cold War in 1984
President Reagan announced that a key goal for the future
would be the building of space station with help from strategic
allies.

Mature designs were beginning to appear during 1986 as
Space Station Development Phase B. The Challenger accident,
however, forced a revision in scale to reflect the increased cost
of Shuttle re -supply and in 1988 the then named Space
Station Freedom was scaled down somewhat to reflect cost
reductions forced by Congress.

The collapse of the Soviet Union and the resulting
improvement in US/Russia relations led in turn to agreement to
use the Russian Soyuz vehicles as a means of supplying the
Space Station. A major redesign of Freedom was, however,
forced by President Clinton in 1993 and the resulting option
'Alpha' became known as the International Space Station after
the incorporation of many components of hardware which had
been planned to be used in future of the Russian Mir Space
Station. This is essentially where we are now - actually building
the International Space Station.

Figure 1: Artist's
impression the S
Atlantis docking wi
Mir during the STS -7t
mission during 1995

It is appropriate to reflect, that the principal contractor -
Boeing, stands to gain significant technological advantage in
the work involved in the USA component of Spate Station and
this could be a factor in the maintaining technological

civilian sectors.
The difference between the approwk of the East and that

of the West is that in the East there is greater adherence to
long term planning and goals, while in the West, the direction
in technology can be utterly confused by a range of non-
technical factors (such as winning elections) which cause
delays and a general waste of resources. Does this indicate
that the political system of the West is fundamentally flawed in
how its harnesses resources in general?

Early Soviet space stations
The initial impetus for Soviet space stations was military and
with key development activity around the time of the American
moon landing. There was then a shift in emphasis to building
civilian/scientific stations and several of the military 'Almaz'
stations were redeployed as 'Salyut' stations. Several of the
early flights were not successful and the crew of Soyuz 11 to
Salut 1 were lost as their return vehicle lost pressurisation.
Salyut missions 3,4 and 5 were however successfully
completed and gradually the missions developed and
supported a total of five crews. In the second generation of
such stations, Salut 6 supported sixteen crews and Salyut 7
ten crews including six long duration crews. From this point
onwards, future planning was for a more flexible and

Figure 2: a diagram of the various modules of the
Mir station at this stage
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permanent station in space - the Mir Space
Station. By comparison, the US Skylab mission
was a single unit that only supported three crews.

All about Mir
Seen in perspective, the Russian Mir space
station was one of the high points of Soviet space

*weilwachievement. It represents the third Oeneration of
wtrztspace stations of the former Soviet Union and has

been operational since 1986. Russian
cosmonauts have lived on board Mir continuously
for the past nine years and have consequently
added gained considerable experience in such
technology. Around 16 long duration crews have
worked on Mir so far.

The total mass of Mir is currently around 100
tonnes with additions carried aloft by the Shuttle
Atlantis in 1995 and 1996. In many ways the Space Station is
critically dependent on the function of Mir to evaluate systems
developed for the final Space Station system. The high level of
reliability required for a manned station is best verified in the
actual environment where such systems will be used.

The initial core module of Mir weighing 20.4 tons was
launched in February 1986. This module provided basic living
quarters and scientific research facilities. The Kvant module of
11 tons was added in February 1987 and provided telescopes
and equipment for attitude control and life support. This was
followed by Kvant 2 in 1989 weighing 19.6 tons and Kristall in
1990 weighing 19.6 tons. Up to this point the hardware on Mir
was exclusively of Russian/Soviet origin. With the onset of co-
operation in space, the Spektr module, a docking module and
the Priroda module have been added with US help.

Module Year Mass Agent Payload

Core Mir 1986 20.4 USSR Living quarters/
research

Kvant 1987 11.0 USSR Life support/
telescopes

Kvant 2 1989 19.6 USSR EVA airlock/solar
arrays, life support

Kristall 1990 19.6 USSR Docking ports,
solar arrays,
research equipment

Spektr 1995 RUS/
USA

Solar arrays,
research equipment

Docking
Module

1995 RUS/
USA

Shuttle/Mir docking
system

Priroda 1995 RUS/
USA

Microgravity
research, telescopes

Table 1: historical development of the Mir space station

Dr. Valeri Polyakov currently holds the world record for
endurance in space. His stay of 438 days aboard Mir was
achieved between January 1994 and March 1995. American
astronaut and biochemist Shannon Lucid spent 188 days in
space on board Mir following postponements of the Atlantis
flight which eventually took off during September 1996.

Figure 1 shows an artist's impression the Shuttle Atlantis
docking with Mir during the STS -71 mission during July 1995.
Figure 2 indicates diagrammatically the various modules of the
Mir station at this stage.

SHUTTLE MIR UTILIZATION ISS ASSEMBLY/EARLY UTILIZATION ROUTINE UTILIZATION

-31111111111MME 11111111111111 11
PHASE 1 PHASE 2 PHASE 3 ASSEMBLY

1st COSMONAUT ON SHUTTLE STATION 1st ELEMENT US LAB RESEARCH COMPLETE

LAUNCH CAPABILITY

SHUTTLE-MIR MISSIONS

IEUROMIR 95

1st SHUTTLE-MIR DOCKING

1st US ASTRONAUT TO MIR

EUROMIR 94

JEM ON -ORBIT

RM-1 ON -ORBIT

US LAB ON -ORBIT

V

COF ON -ORBIT

RM - RESEARCH MODULE (RUSSIAN)
JEM - JAPANESE EXPERIMENTAL MODULE
COF - COLUMBUS ORBITAL FACILITY

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Figure 3: Schedule of Implementation of the Space Station as at January 1996

The plan ahead
While the plans for the Space Station have undergone many
changes for political, monetary and scientific reasons, the core
plan seeks to derive the maximum benefit from the available
resources. Figure 3 summarises the plan for the Space Station
as at January 1996. The first phase which began during 1994
relates to the co-operative Shuttle -Mir missions to use the Mir
station as a test bed for components that would be
implemented during Phase 2 and Phase 3. There will also be
afforded an opportunity for the wider space community of
Canada, Japan, Russia, Europe and the USA to use Mir for
selected scientific research.

This will, for example, allow two Russian research modules to
be used by the expanding international team. During this phase
the Shuttle will provide up to ten crew exchange and logistic
supply missions and provide to the USA the equivalent of two
years cumulative stay on Mir. In the European perspective, ESA
astronaut missions of one month and six months and with 600
kg of research hardware will also be supported.

Table 2 summarises the set of assembly flights planned and
emphasises the close degree of integration of the US and
Russian Space Agencies.

Flight Vehicle Mission Function

1A Russian Proton FGB tug: attitude control;
docking capability

2A US Orbiter US Node #1: pressurised
element; two lab racks

1 R Russian Proton Russia Service Module with
docking for resupply vehicle

2R Russian Soyuz Deployment of assured crew
Return vehicle

3R Russian Zenit Universal Docking Module

3A US Orbiter First truss component;
communications equipment

4R Russian Soyuz Russian docking compartment
with airlock for EVA

4A US Orbiter US solar array components;
communications

5R Russian Zenit Russian power control, attitude
control, radiator

5A US Orbiter US pressurised laboratory
6A US Orbiter Experiment racks,

communication equipment
6R Russian Zenit Additions to Russian power

systems
Table 2: Summary of sequence and details of key assembly flights
for the International Space Station - seven Russian and five US.
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Figure 5: Key to main components of the completed
Space Station shown in figure 4

RUSSIAN SERVICE MODULE

US RADIATOR

SCIENCE POWER PLATFORM

CANADIAN
SPACE AGENCY

ROBOT ARM

SOYUZ
CREW TRANSFER

VEHICLES

RUSSIAN FGB
ENERGY BLOCK

US INTERGRATED TRUSS

JAPANESE
EXPERIMENTAL
MODULE

UNITED STATES
LABORATORY

MODULE

US SOLAR
ARRAY

Name Number of
stages

Low Earth Orbit
payload

First
developed

No. of assembly
flights

Soyuz 2 7 tonnes 1963 2
Zenit 2 14 tonnes 1985 3
Proton 3-4 21 tonnes 1965 2

Table 3: Summary of Russian rockets used in the assembly of the
Space Station.

As at January, 1996, however, the co-operating countries
within Europe are Belgium, Denmark, France, Germany, The
Netherlands, Norway, Spain and Switzerland. The UK is
therefore only watching from the sidelines.

With the commencement of phase 2, units of hardware will
be progressively launched into space, the first of these being a
Russian Flight in November of 1997. The first main scientific
unit launched into space will be the US lab during 1998,
followed in 1999 by the first Russian laboratory. During the year
2000 the Japanese Experiment module and European facility
will be implemented. Phase 3 essentially begins with the
completion of the US laboratory facility.

At the completion of Phase 3, the station will be fully
functional across the range of its operations. On the research
side these will include the microgravity research laboratories,

orbital research platforms and multi user
experiment facilities supported by a worldwide

ributedigkfilfter systems network for data
distribution. The revised plan for the Space
Station represents a major achievement of
international scientific co-operation. Its core
phtipsophy is to try to reduce duplication of effort
in space technology. There has since been minor
alterations of plans during the Spring of 1996 -
the deployment of the Japanese module will be
delayed and the European module not flown till
2003.

In NASA's literature on the Space Station
there is a very definite and futuristic view put on
the station's development:

"The resulting research program will position
the international partnership for dramatic
achievements in space exploration, technology
development and quality of life improvements on
Earth in the 21st century."

The incorporation of Russian technology into
the International Space Station has allowed a
better station to be built more rapidly and for
less money. The power available will be 110 kW
compared initially with 56 kW, the pressurised
volume to 42.4 thousand cubic feet (equivalent
to two Jumbo jets) compared with initially 23
thousand cubic feet, the number of laboratory
modules six compared to three and six full time
crew compared with four initially. The important
propulsion unit will be built by Russia and will
periodically boost the Space Station to maintain
its orbital height of 248 miles. The decay of orbit
is the result of drag of the station in the traces of
the upper atmosphere.

The vast scale of the Space Station initiative
is also forcing the development of Systems
Management technology to ensure that

procedures take place in a planned and timely framework.
Figure 4 shows an artist's impression of the completed

International Space Station and with figure 5 providing the key to
identify its main components. When completed, the total mass of
the station will be around 400 tonnes.

Planned international utilisation
In some ways the plan of the utilisation of the Space Station
outlined in figure 6 is like a snapshot of the main economic power
blocks of the world. It is evident, however, that Russia scores
most points overall for encompassing the diverse sets of Science
Disciplines to the highest degree.
The Russian component of Earth Sciences is the most developed,
as is its Engineering and Technology development. What Russia
appears to lack, however, is the ability to translate the advanced
state of this technology to conventional industrial outlets. It has
difficulty transferring this technology into commercial markets.

It is the USA, however, that is most dedicated to the Life and
Microgravity Sciences range of topics. This is probably also related
to mapping scientific activity to those sectors that probably have
the greatest commercial potential. It is also evident that the USAs
activity in this sector is closely matched by that of Japan but that
Europe's involvement is at best some way behind.
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AD7528JN £8.63 2N3703 £0.10 BC213 £0.08 BD243B £0.50 TIP42C E0.52
AD7545AKN£14.04 2N3704 £0.10 BC2I3B £0.08 BD244A £0.53 TIP47 £0.48
AD7828KN £20.33 2N3705 £0.10 BC213LC £0.08 BD244C £0.53 T1P48 £0.62
ICL7109CPL £7.75 2N3706 £0.10 BC214 £0.08 BD245C £1.18 11P50 £0.53
TLC549IP £3.51 2N3771 £1.44 BC2141 £0.08 BD246 £1.18 TIP121 £0.48
ZN425E £5.94 2N3772 £1.51 BC225 £0.15 BD246C £1.18 TIPI22 £0.48
ZN426E £3.13 2N3773 £1.70 BC237B £0.09 BD283 £0.61 TIP125 £0.46
ZN427E £925 2N3819 £0.42 BC238B £0.09 BD284 £0.61 T1P127 £0.40
ZN428E £5.94 2N3820 £0.66 BC238C £0.09 BD400 £0.79 T1P132 £0.46
ZN448E £7.50 2N3904 £0.10 BC239C £0.10 BD441 £0.41 T1P137 £0.56
Voltage 2N3905 £0.10 BC250A £0.15 BD442 £037 11P142 £130
Regulators 2N3906 £0.10 BC251 £0.13 BD534 £0.47 TTP147 £1.12
78 £035 2N4036 £0.34 BC252 £0.13 BD535 £0.50 TIP2955 £0.97
780508 £0.50 2N5245 £0.80 BC261B £0.30 BD536 £0.65 TIP3055 £0.70
7812 £038 2N5296 £0.57 BC262B £024 BD581 £0.62 VN1OKM £0.48
7815 £038 2N5321 £0.57 8C26713 £030 BD597 £0.92 ZTX3041 £0.16
781.05 £0.23 2N5322 £0.57 BC307 £0.10 BD646 £0.52 ZTX500 f0.16
78108 £0.23 2N5401 £0.11 BC308 £0.10 BD648 £0.52
78L12 £0.23 2N5551 £0.11 BC319C £0.13 BD650 £0.53
78L15 £0.24 2N6107 £0.60 BC327 £0.10 BD707 £0.42
781.24 £039 2N6491 £1.58 BC327-16 £0.10 BD708 £1.04
78505 £0.98
78S12 £0.98

2SB548 £0.30 BC328 £0.10 BD807 £0.80 ...qV,S".
2SD1730 £1.44 BC328-16 £0.10 BDX32 £1.78 11, co

78S15 £0.98 AC126 £0.44 BC337 £0.10 BDX33C £0.56
7905 £0.40
7912 £030

AC127 £0.50 BC337-25 £0.12 BDX34C
Ali.0.4.711/11sitle£0.50 1.113 '444r

AC128 £0.40 BC338 £0.10 BDX53C £0.47 'tots -
7915 £0.38 AC187 £0.48 BC338-25 £0.10 BDX54C £0.50
7924 £0.38 Electrolytic Radial Electrolytic Axial
79L05 £0.23
79L12 £023
79L15 £0.28
79124 £0.30
ADM666AN £3.44
L200CV £130
1296 £8.13
L387A £324
LM2940CT £2.30
LM317T £0.50
LM323K £2.84
LM334Z £135
LM337T £0.62
LM338K £5.52
LM723 £029
LP2950CZ £2.70
REFO I CP £3.44
REFO2CP £4 66
REF12Z £1.28
REF195GP £4.72
REF25Z £1.24
REF5OZ £122
TL431CP £0.45
ZN423 £1.55
ZN458B £1.89
Diodes

pF
0.47
1.0
2.2
4.7
10
22
33
47
100
220
330
470
1000
2200
3300
4700

16v 25v 40v 63v 100v- - £0.05 £0.05- - £0.05 £0.05 £0.05
£0.05 £0.05 £0.05 £0.05 £0.09
£0.05 £0.05 £0.05 £0.07 £0.11
£0.05 - £0.05 - -
£0.05 £0.05 £0.07 £0.10 £0.19
£0.06 £0.06 £0.10 £0.13 £0.26
£0.08 £0.09 £0.13 £025 -
£0.09 - £0.19 - -
£0.12 £0.17 £0.24 £033 -
£0.15 £033 £0.34 - -
£0.27 £0.55 £0.70 - -
£0.67 £1.05 - - -

16v 25v 40v 63v 100v 250v 450v

- - £0.13 - £0.22

- £0.13 - - £0.41
£0.12 - £0.12 £0.13 £0.17 £0.40 £0.51
£0.12 £0.13 £0.14 £0.15 £021 £0.52 £1.06- - - - - - -
£13.13 £0.13 £0.15 £0.19 £032 £0.57 -
£0.14 £0.16 £0.19 £0.26 £0.44 -
£0.19 £0.20 £0.27 £0.39 £0.48 -- - -
024 5.28 £0.43 £0.53 -
£033 £0.43 £0.59 £1.08 - -
£0.53 £0.66 £1.11 £1.55- -
£0.86 £1.11

Ceramic Mini Disc Dipped Ceramic Multilayer
1.0,1 2,1.5,1.8,2.2,2.7,3.3,3.9,4.7,5.7,6.8 8.2 10,22,33,47 and multiples.
1.OpF to 22nF 100V £0.0e 10pF to 1000 100V £0.10
47nF & 100nF 50V £0.07 22N1F 100V £0.14

330a 100V £0.16
Also in stock - Mylar Film. MKT, Boxed 470nF 100V £0.22

& Dipped Polyester. Tantalum. Sub-1.00 100V £0.29
miniature, low Leakage & 105°C Radials Full Technical Specification available

Resistors - Please State Value Required1N914 £0,06
1N916 £0.06
1N4001 £0.06

11,W Carbon Film 5% El2 Series 10-10M £0.02 Each, £0.60 per 100 Si
1/4W Metal Film 1% E24 Series 1052-1M £0.04 Each, £1.72 per 100

1N4002 £0.07 1AW Carbon Film 5% El2 Series 10-10M £0.02 Each, £0.95 per 100 g ;
1N4003 £0.07 IW Carbon Film 5% El2 Series 100 -IOM £0.07 Each, £3.90 per 100 7.,7;

1N4004 £0,07 2W Carbon Film 5% El2 Series 1120-10M £0.12 Each, £5.99 per 100 k
IN4005 £0.07 2.5W Wirewound 5% E12 Series 001-2200 £0.23 Each
1N4006 £0.08 Preset Resistors - Please State Value Required
1N4007 £0.08 Enclosed, 10mm Square Horz / Vert. 1000 - IMO 0.15W £0.15 Each
1N4148 £0.05 Skeleton, 10mm Dia. Horz / Vert. 1000 - IMO 0.IW all 1 Each
1N4149 £0.06 Sub -min, 6mm Dia, Horzontal E3 1000-1M0 0/W £0.19 Each
1N5400 £0.09 Multiturn, 10mm Square, Top Adjust. E3 1000-1M0 0.5W £1.00 Each
IN5401 £0.09 Multitum, 19mm Long, End Adjust. E3 500-2M0 0.5W £0.64 Each
IN5402 £0.10 Potentiometers - Please State Value Required
1N5404 £0.11 Single Gang -''A" Shaft, 25mm Dia. 4700-2M2 Linear £0.49 Each
1N5406 £0.12 Sm a Gang - Shaft, 25mm Dia. 4K7,101C.,471C,HX)K,1M,2M2 Log £0.49 Each
1N5407 £0.14 UuM Gang - V Shaft, 20rnm Dia. 1K0 -2M2 Linear £1.62 Each
1N5408 £0.15 Dual Gang - V Shaft, 20m Dia. IK0-2M2 Logarithmic £1.71 Each
BA157 £0.10 Switched - V Shaft, 20mm Dia. 1K0 -2M2 Linear £1.56
BA 158 £0.10 Switched -' Shaft, 20mm Dia. 1K0 -2M2 Logarithmic £1.69 Each
BA159 £0.10 PCB Mount, Splined Shaft, 16mm Dia. 4700 -IMO Linear £0.42 Each
BY126 £0.13 PCB Mount, Splined Shaft, 16mm Dia. 4700,4K7,1M0 Log £0.42 Each
[WI 27 £0.18 Dual PCB, Spired Shaft, 16mm Dia. 10K,50K100K,500K Linear £0.85 Each
BY 133 £0.10 Dual PCB, Splined Shaft, 16mm Dia 10K,501C,100K,500K Logarithmic £0.85 Each

ORDERING INFORMATION - Carriage £1.25+Vat, PriffiExclude Vat (171/2%), Add Carriage & Vat to all orders. Payment withOrder. PO/Cheques
payable to ESR Electronic Components. ALL Credit Card Orders Accepted. NO Credit Card Surcharges. Trade discount for Schools & Colleges.



Figure 6: Planned utilisation of the Space Station according to scientific disciplines
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Public outreach: enter KidSat
A key aim of the Space Station initiative is to open out its
sphere of influence. Already, for example, the `KidSat' project is
being structured to allow children to design and monitor
experiments taken up to the Space Station to monitor
environmental data in their own 'backyard'.

Enhancing the Shuttle
The Space Shuttle was designed in the 1960s, built in the
1970s and has flown for the past 15 years. The existing Shuttle
fleet is being slowly upgraded to improve reliability, improve
payload capacity and reduce servicing costs as a prelude to its
future role in assembling the International Space Station. A key
area is that of engines design where increased thrust is being
sought but with improved safety and ease of construction of
critical high pressure components. There is also a planned
reduction in thermal insulation and upgrading of on -board
electronics. A weight reduction of the vehicle of at least 4 or 5
tonnes in anticipated.

Science in the skies
The focus of a large financial investment in the science of the
Space Station has helped refine a framework of proposed
scientific investigation. It is in some ways refreshing to see that
the planned applications can be seen as 'helpful' rather than
'unhelpful' as with previous Star Wars technology.

Biotechnology
One of the more promising areas identified for Space Station
research is that of Biotechnology. As a 'sunrise' industry but
with a rapidly developing economic value, the unique

environment of the Space Station is
seen by some workers as an exciting

Tranity to make significant
advances.

In the body cells produce around
75,000 different proteins that are
involved in a multitude of different
processes such as oxygen transport,
skin growth and the immune system.
The identification of key human
proteins is claimed to be the
cornerstone of future radical medical
discoveries. It is anticipated that the
micro -gravity crystal growth facilities of
the Space Station will accelerate
significantly the pace of such medical
developments as terrestrial based x-
ray diffraction yields up the secrets of
their molecular structure.

The requirement for high quality
samples is usually, however, an on
going necessity where key research
projects require specimens for periods
of several years. The Space Station
will be specifically geared to producing
a range of crystals for extended
periods. Major drug companies such
as Upjohn, DuPont, Merck and Smith
Kline Beecham have already become
involved in NASA's Center for
Macromolecular Crystallography where
Space Shuttle missions have been
used to produce superior protein

crystals for x-ray analysis.
Topics already being investigated include the development

of a more effective form of insulin and a factor in the structure
of the replication enzyme of the AIDS virus. Relevant work with
the Shuttle has to date also included studies of Gamma -
interferon (anti -viral researcq Porcine Elastase (emphysema),
Malic enzyme (anti -parasitic drugs) and Factor D (immune
system).

Tissue cultures
In some ways NASA is moving from the organisation that
simply puts vehicles into space to one which is involved in
developing the very science that its technology makes
possible. Part of the logic of this is to obtain royalties from
products which in turn will supplement its budget. There is, for
example, significant interest in the tissue culturing in space.
While the technology of tissue culturing has developed
significantly on earth, Shuttle experiments have indicated that
human cells behave somewhat differently in the conditions of
space.

In anticipation of the Space Station developments, NASA
has already developed a range of so-called bio-reactors to
culture human tissues. These operate under terrestrial gravity
but isolate cells from the surfaces on enclosing vessels. Work at
present includes the growth of lung cells, intestine and cancer
tumour cells. The interest with tumour cells is the prospect of
being able to grow cell groupings which more closely resemble
tumours in the human body and which can be more usefully
tested using chemotherapy agents.

Space physiology
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All earth based observations of physiology involve the study of the during March 1998. This approach is aimed at recovering as
body while subject to gravity. While human physiology has been much as possible of the USA's investment in the Space Station
studied extensively in weightless conditions, especially for example in the torn-agignlyiwtiketabte high technology products. It is
on the Mir station, the Space Station wit a Arwilitatifirstago * y no means clear, however, if the European connection of the
opportunities to undertaktrlIT new brain and nervous Space Station is so highly geared to commercial exploitation.
system'cesearch. NASA has, for example, undertaken initial work in NASA has already, for example, produced an implant for
mapping the location of neurons which are involved in gravity delivering insuiletUdiabetes that is just three inches in

v-,414
sensing. ,""ttf24iartieter aTia includes a microcomputer, battery, insulin

Space physiology has been able to map the various neuro reservoir and pump. The unit can be refilled by using a syringe.
receptors involved in maintaining balance. Over 60% of the body's
motor system is dedicated to muscles that resist the force of
gravity - by way of activities such as sitting, standing and walking. It
is likely that further additional research will significantly improve our
understanding of such systems - leading to better management of
conditions that lead, for example to loss of balance.

With an ageing population world wide, the problem of
osteoporosis - the condition of bone loss - is receiving increasing
attention. The environment of space acts to produce a much
greater rate of bone mass loss as indicated in figure 7 where
the rate of loss of astronauts in the first months in space is
compared with the average bone loss in humans between the
ages of 50 to 60.

For any long term space mission, the problem of bone loss
is a major one. Without any counter measures, an astronaut
will typically lose in the first 8 months of the flight what the
average human would lose between the age of 50 and 60
years of age. In around 6 years in space, if this rate was
maintained, the astronaut would lose 50% of his bone mass.
The Space Station provides an opportunity for the continuation

10%

0

2 5%
z

Om

AVERAGE BONE LOSS IN
ASTRONAUTS DURING THE
FIRST MONTHS OF SPACEFLIGHT

0161111p AVERAGE BONE LOSS IN
HUMANS DURING THE YEARS
FROM AGE 50 TO 60

1 2 3 4 5 6 7 8 9 10
YEARS

Figure 7: Relative loss of bone mass on earth and in space

of research into this problem - with the hope that solutions will
be found that will also benefit society at large.

To seek to minimise the negative effects of the space
environment, NASA astronauts and Russian cosmonauts
spend a part of each day exercising of stationery bikes and
treadmills. It is difficult, however, in space to induce the
gravity induced stressing forces that tend to maintain
bone mass and also muscle mass. The understanding
of this problem will also provide insight into the proper
management of people on earth who are at risk
through forced physical inactivity.

Biomedical research
In the wake of the immanent implementation of the
Space Station, NASA has teamed up with the National
Institute of Health (NIH) to develop a team approach to
harnessing the scientific data in biomedical research
gained form the Space Station. To date a total of 18
co-operative agreements have been drawn up. The first
visible fruit of such co-operation should be evident in
the form of the Neurolab Shuttle mission to be flown

Telemedicine
The field of telemedicine has developed as a direct requirement
of ground control to monitor the health of crew in space. Both
NASA and the Russian Space Agency have many years of
such experience. It is anticipated, however, that the
transmission of medical data in the form of scan images/and
physical monitoring of ecg, eeg and associated physiological
waveforms will become increasingly important as centres of
excellence of medical diagnosis are empowered to come 'on-
line' to the world. The development of Telemedicine during the
Space Station mission is yet another example of NASA
showing the way in the more general applications of
Telemedicine.

One of the spinoff developments of the Space Station is the
development by NASA of the 'Clinical Practice Library of
Medicine' or 'System 2000' in association with the University of
Florida at Gainesville. This system is now entering limited clinical
trials at several doctors' offices and also at various NASA
centres. Such a system is likely to have widespread applications
in both the teaching of medicine and in its clinical practice.

Developing materials science
A key part of technology relates to the development and use of
advanced materials. It is anticipated that the access to the
micro -gravity environment of the Space Station will provide an
opportunity to better understand the fundamentals of the
structure of materials where previously the presence of gravity
has obscured inherent processes. Typical materials being
studied range from glass and steel to semiconductors and
plastics.

It is only being realised what a significant effect gravity has
on a wide range of processes involved in the production of
materials. Processes involving the crystallisation of materials
typically involve 'dendrite' crystal growth. In space, however,
dendritic development is more pronounced and alters the set of
characteristics of the material as indicated in figure 8. Space
appears to be providing a more chaotic environment for such
processes.

Figure 8: Comparison of 'dendrite' crystal grown on earth (left) and a
comparable crystal grown on board the Space Shuttle (right)

N`
 .4

1116

%%

ELECTRONICS TODAY INTERNATIONAL
18



Surplus always 1THE ORIGINAL SURPLUS WONDERLAND!
Janted for cash! 1 THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

Surplus always
wanted for cash!

LOW COST PC's -
SPECIAL BUY
'AT 286'

40Mb HD + 3Mb Ram
IMITED QUANTITY only of these 12Mhz HI GRADE 286 systems
ade in the USA to an industrial specification, the system was
?signed for total reliability. The compact case houses the mother-
mrd, PSU and EGA video card with single 51/4" 1.2 Mb floppy disk
ive & Integral 40Mb hard disk drive to the front. Real time clock
ith battery backup is provided as standard. Supplied in good used
indition complete with enhanced keyboard, 640k + 2Mb RAM,
OS 4.01 and 90 DAY Full Guarantee. Ready to Run !
rder as HIGRADE 286 oiyi Y 129.00 ( E )
Iptional Fitted extras: VGA graphics card
.4Mb He floppy disk drive (instead of 1.2 Mb)
Vordperfect 6.0 for Dos - when 31/2" FDD option ordered
1E2000 Ethernet (thick, thin or twisted) network card

£29.00
£19.95
£22.50
£29.00

LOW COST 486DX-33 SYSTEM
mited quantity of this 2nd user, supurb small size desktop unit.
illy featured with standard simm connectors 30 & 72 pin. Supplied
ith keyboard, 4 Mb of RAM, SVGA monitor output, 256k cache and
tegral 120 Mb IDE drive with single 1.44 Mb 3.5' floppy disk drive.
illy tested and guaranteed. Fully expandable Only
'any other options avaiable - call for details. £399.00

FLOPPY DISK DRIVES 3V2" - 8"
51/s" or 31/2" from only f18.95 !

assive purchases of standard 514' and 3W drives enables us to
esent prime product at industry beating low prices! All units (unless
aced) are BRAND NEW or removed from often brand new equip-
ent and are fully tested, aligned and shipped to you with a 90 day
iarantee and operate from standard voltages and are of standard
ze. All are IBM-PC compatible (if 31/2" supported on your PC).
5" Panasonic JU363/4 720K or equivalent RFE £24.95(B)
4" Mitsubishi MF355C-L. 1.4 Meg. Laptops only £25.95(B
4" Mitsubishi MF355C-D. 1.4 Meg. Non laptop £18.95,
4" Teac FD-55GFR 1.2 Meg (for IBM pc's) RFE £18.95((B
4' Teac FD -55F -03-U 720K 40/80 (for BBC's etc) RFE £29.95B
4" BRAND NEW Mitsubishi MF501B 360K £22.95(B
tble top case with integral PSU for HH 5%' Flopp or HD £29.95 B
' Shugart 80W801 8" SS refurbished & tested £195.00 E
' Shugart 810 8" SS HH Brand New £195.00 E
' Shugart 851 8" double sided refurbished & tested £250. E
itsubishi M2894-63 8" double sided NEW £275.00 E
itsubishi M2896 -63-02U 8" DS slimline NEW £285.00 E
ial 8" cased drives with integral power supply 2 Mb £499. E

HARD DISK DRIVES
nd of line purchase scoopl Brand new NEC 132246 8' 85 Mbyte
ive with industry standard SMD Interface, replaces Fujitsu
tuivalent model. Full manual. Only £299.00 or 2 for £525.00 (E)
6' FUJI FK-309-26 20mb MFM I/F RFE £59.95 C
6' CONNER CP3024 20 mb IDE I/F (or equiv )RFE £59.95 C
6' CONNER CP3044 40mb IDE I/F (or equiv.)RFE £69.00 C

RODIME R03057S 45mb SCSI I/F (Mac & Acorn) £69.00,C
V' WESTERN DIGITAL 850mb IDE I/F Brand New £185. C
4' MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE £49.95 C
4' SEAGATE ST -238R 30 mb RLL I/F Refurb £69.95 C
4' CDC 94205-51 40mb HH MFM I/F RFE tested £69.95 C
4' HP 9754B 850 Mb SCSI RFE tested £89.00 C
4' HP C3010 2 Gbyte SCSI differential RFE tested £195.00 C

FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00 E)
3rd disc controllers for MFM , IDE, SCSI, RLL etc. from £16.95

THE AMAZING TELEBOX
Converts your colour monitor into a QUALITY COLOUR TVII

TV SOUND &
VIDEO TUNER

CABLE COMPATIBLE '

ne TELEBOX is an attractive fully cased mains powered unit, con-
ining

gall

electronics ready to plug into a host of video monitors
ade bmakers such as M ICROVITEC, , ANYO, SONY,
)MMODORE, PHIUPS, TATUNG, AMSTRAD

ATARIetc.S
The composite

leo output will also plug directly into most video recorders, allowing
caption of TV channels not normally receivable on most televi-
on receivers* (TELEBOX MB). Push button controls on the front
met allow reception of 8 fully tuneable 'off air' UHF colour television
lannels. TELEBOX MB covers virtually all television frequencies
-IF and UHF including the HYPERBAND as used by most cable
I operators. A composite video output is located on the rear panel
r direct connection to most makes of monitor or desktop computer
deo systems. For complete compatibility - even for monitors with -
it sound - an integral 4 watt audio amplifier and low level Hi Fi
idio output are provided as standard.
iLEBOX ST for composite video input type monitors £36.95
iLEBOX STL as ST but fitted with integral speaker £39.50
iLEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95
,r overseas PAL versions state 5.5 or 6 mHz sound specification.
or cable / hyperband reception Telebox MB should be connected
a cable type service. Shipping code on all Teleboxe's is (B)

DC POWER SUPPLIES
Virtually every type of powersupply you can imagine.over10,000 Power Supplies Ex StockCall for Info / list.

IC's -TRANSISTORS - DIODES
OBSOLETE - SHORT SUPPLY - BULK

6,000,000 items EX STOCK
For MAJOR SAVINGS CALL FOR SEMICONDUCTOR HOTLIST

VIDEO MONITOR SPECIALS
One of the highest specification

monitors you will ever see -
At this price - Don't miss it!!

Mitsubishi FA3416ETKL 14" SVGA Multisync colour monitor with fine
0.28 dot pitch tube and resolution of 1024 x 768. A
variety of inputs allows connection to a host of comput-
ers including IBM PCs ri CGA, EGA VGA & SVGA
modes, BBC, COMMODORE (incbding Amiga 1200),
ARCHIMEDES and APPLE. Many features: Etched
faceplate, text switching and LOW RADIATION MPR

specification. Fully guaranteed, supplied in EXCEL-
LENT little used condrtion,
Tilt & Swivel Base £4.75 Only £119 (E) MRS -SVGA

Order as

VGA cable for IBM PC included.
External cables for other types of computers CALL

As New - Used on film set for 1 week only!!
15" 0.28 SVGA 1024 x 768 res. colour monitors.

Swivel & tilt etc. Full 90 day guarantee. £145.00 (E)

Just In - Microvitec 20" VGA (800 x 600 res.) colour monitors.
Good SH condition - from £299 - CALL for Info

PHIUPS HCS35 (same style as CM8833) attractively styled 14"
colour monitor with both RGB and standard composite 15.625
Khz video Inputs via SCART socket and separate phono jacks.
Integral audio power amp and speaker for all audio visual uses.
Will connect direct to Amiga and Atari BBC computers. Ideal for all
video monitoring / security applications with direct connection
to most colour cameras. High quality with many features such as
front concealed flap controls, VCR correction button etc. Good
used condition - fully tested - guaranteed
Dimensions: W14' x H1244' x 151/2" D. Only £95 (El

PHIUPS HCS31 Uftra compact 9" colour video monitor with stan-
dard composite 15.625 Khz video input via SCART socket. Ideal
for all monitoring / security applications. High quality, ex -equipment
fully tested & guaranteed (possible minor screen burns). In attrac-
tive square black plastic case measuring W10' x H10' x 13W D.
240 V AC mains powered. Only £79.00 (0)
KME 10" 15M10009 high definition colour monitors with 0.28' dot
pitch. Superb clarity and modern styling.: ...... ;.

Operates from any 15.625 khz sync RGB video `4%

source, with RGB analog and composite sync :Pe
such as Atari, Commodore Amiga, Acorn
Archimedes & BBC. Measures only 131/2' x 12' x
11'. Good used condition. Only £125 (E)

20" 22" and 26" AV SPECIALS
Superbly made UK manufacture. PIL all solid state colour monitors,
complete with composite video & optional sound input. Attractive
teak style case. Perfect for Schools, Shops, Disco, Clubs, etc.ln
EXCELLENT little used condition with full 90 day guarantee.

20"....£135 22"....£155 26"....£185 (F)

SPECIAL INTEREST ITEMS
MITS. FA3445ETKL 14" Industrial spec SVGA monitors £245
2kW to 400 kW - 400 Hz 3 phase power seizes - ex stock £POA
IBM 8230 Type 1, Token ring base unit driver £950
IBM 53F5501 Token Ring ICS 20 port lobe modules £750
IBM MAU Token ring distribution panel 8228-23-5050N £95
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE £550
Trend DSA 274 Data Analyser with G703(2M) 64 i/o £POA
Marconi 6310 Programmable 2 to 22 GHz sweep generator £6500
HP16508 Logic Analyser £3750
HP3781A Pattern generator & HP3782A Error Detector £POA
HP APOLLO RX700 system units £950
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts £1800
HP3081A Industrila workstation c1w Barcode swipe reader £175
HP6264 Rack mount variable 0-20V @ 20A metered PSU £675
HP54121A DC to 22 GHz four channel test set £POA
HP7580A Al 8 pen HPGL high speed drum plotter £1850
EG+G Brookdeal 95035C Precision lock in amp £650
View Eng. Mod 1200 computerised inspection system £POA
Ling Dynamics 2kW programmable vibration test system £POA
Computer controlled 1056 x 560 mm X Y table & controller £1425
Keithley 590 CV capacitor / voltage analyser £POA
Racal ICR40 dual 40 channel voice recorder system £3750
Fiskers 45KVA 3 ph On Line UPS - New batts Dec.1995 £9500
ICI R5030UV34 Cleanline ultrasonic cleaning system £POA
Mann Tally MT645 High speed line printer £2200
Intel SBC 486/133SE Multibus 486 system. 8Mb Ram £1200
Zeta 3220-05 AO 4 pen HPGL last drum plotters £1150
Nikon HFX-11 (Ephiphot) exposure control unit £1450
Motorola VME Bus Boards & Components List. SAE / CALL £POA
Trio 0-18 vdc linear, metered 30 amp bench PSU. New £550
Fujitsu M3041R 600 LPM band printer £1950
Fujitsu M3041D 600 LPM printer with network interface £1250
Perkin Elmer 2998 Infrared spectrophotometer £POA
VG Electronics 1035 TELETEXT Decoding Margin Meter £3750
Andrews LARGE 3.1 m Satellite Dish + mount (For Voyager!) £950
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995
TAYLOR HOBSON Tallysurf amplifier / recorder £750
System Video 1152 PAL waveform monitor £485
Test Lab - 2 mtr square quietised acoustic test cabinets £300
Kenwood 9601 PAL Vectorscope - NEW £650

Please call for further details on the above items

19" RACK CABINETS
Superb quality 6 foot 40U

Virtually New, Ultra Smart
Less than Half Price!

Top quality 19' rack cabinets made in UK by
Optima Enclosures Ltd. Units feature
designer, smoked acrylic lockable front door,
full height lockable half louvered back door
and louvered removable side panels. Fully
adjustable internal fixing struts, ready punched
for any configuration of equipment mounting
plus ready mounted integral 12 way 13 amp
socket switched mains distribution strip make
these racks some of the most versatile we

have ever sold. Racks may be stacked side by side and therefore
require only two side panels to stand singly or in multiple bays.
Overall dimensions are: 77W H x 321/2' D x 22' W. Order as:

OPT Rack 1 Complete with removable side panels. £335.00 (G)
OPT Rack 2 Rack, Less side panels £225.00 (G)

32U - High Quality - All steel RakCab
Made by Eurocraft Enclosures Ltd to the highest possible spec,
rack features all steel construction with removable
side, front and back doors. Front and back doors are
hinged for easy access and all are lockable with
five secure 5 lever barrel locks. The front door
is constructed of double walled steel with a
'designer style' smoked acrylic front panel to
enable status indicators to be seen through the
panel, yet remain unobtrusive. Internally the rack
features fully slotted reinforced vertical fixing
members to take the heaviest of 19" rack
equipment. The two movable vertical fixing struts
(extras available) are pre punched for standard
'cage nuts'. A mains distribution panel internal-
ly mounted to the bottom rear, provides 8 x IEC 3
pin Euro sockets and 1 x 13 amp 3 pin switched
utility socket. Overall ventilation is provided by
fully louvered back door and double skinned top section
with top and side louvres. The top panel may be removed for fitting
of integral fans to the sub plate etc. Other features include: fitted
castors and floor levelers, prepunched utility panel at lower rear for
cable / connector access etc. Supplied in excellent, slightly used
condition with keys. Colour Royal blue. External dimensions
min=1625H x 635D x 603 W. ( 64" H x 25" D x 23W' W )

Sold at LESS than a third of makers price !!

A superb buy at only £195.00 (G)

Over 1000 racks - 19" 22" & 24" wide
3 to 44 U high. Available from stock !!

Call with your requirements.

TOUCH SCREEN SYSTEM
The ultimate in 'Touch Screen Technology' made by the experts -
MIcroTouch - but sold at a price below cost II System consists of
a flat translucent glass laminated panel measuring 29.5 x 23.5 cm
connected to an electronic controller PCB. The controller produces
a standard serial RS232 or TTL output which continuously gives
simple serial data containing positional X & Y co-ordinates as to
where a finger is touching the panel - as the finger moves, the data
instantly changes. The X & V information is given at an incredible
matrix resolution of 1024 x 1024 positions over the entire screen
size !! A host of available translation software enables direct con-
nection to a PC for a myriad of applications including: control pan-
els, pointing devices, POS systems, controllers for the disabled or
computer un-trained etc etc. Imagine using your finger with
Windows', instead of a mouse !! (a driver is indeed available !) The
applications for this amazing product are only limited by your
Imagination!! Complete system including Controller, Power Supply
and Data supplied at an incredible price of only:
FuN MICROTOUCH software support pack £145.00 (81
and manuals for IBM compatible PC's £29.95 RFE - Tested

LOW COST RAM & CPU'S
INTEL 'ABOVE' Memory Expansion Board. Full. length PC -XT
and PC -AT compatible card with 2 Mbytes of memory on board.
Card is fully selectable for Expanded or Extended (286 processor
and above) memory. Full data and driver disks supplied. RFE.
Fully tested and guaranteed. Windows compatible. £59.95(A1)
Half length 8 bit memory upgrade cards for PC AT XT expands
memory either 256k or 512k in 64k steps. May also be used to fill
in RAM above 640k DOS limit. Complete with data.
Order as: XT RAM UG. 256k. £34.95 or 512k £39.95 (Al)

SIMM SPECIALS
1 MB x 9 SIMM 9 chip 120ns Only £16.50 (Al)
1 MB x 9 SIMM 3 chip 80 ns £19.50 or 7Ons £22.95 (Al)
1 MB x 9 SIMM 9 chip 80 ns £21.50 or 7Ons £23.75 (A1)
4 MB 70 ns 72 pin SIMM -with parity- Only £95.00 (A1)
INTEL 486-DX33 CPU £55.00 INTEL 486-DX66 CPU £69.00 (A1)
FULL RANGE OF CO -PROCESSOR'S EX STOCK - CALL FOR £££

FANS & BLOWERS
EPSON D0412 40x40x20 mm 12v DC £7.95 10 / £65
PAPST TYPE 612 60x60x25 mm 12v DC £8.95 10 / £75
MITSUBISHI MMF-D6D12DL 60x60x25 mm 12v DC £4.95 10 / £42
MITSUBISHI MMF-08C12DM 80x80x25 mm 12v DC £5.25 10 / £49
MITSUBISHI MMF-09612DH 92x92x25 mm 12v DC £5.95 10 / £53
PANCAKE 12-3.5 92x92x18 mm 12v DC £7.95 10 / £69
EX -EQUIP AC fans. ALL TESTED 120 x 120 x 38 mm specify 110
or 240 v £6.95. 80 x 80 x 38 mm - specify 110 or 240 v £5.95
IMHOF 826 1900 rack mnt 3U x 19' Blower 110/240v NEW £79.95
Shipping on all fans (A). Blowers (B). 50,000 Fans Ex Stock CALL
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Figure 9: A fisheye lens picture of an early prototype construction of a solar array for the Space Station, built at Lockheed Martin
Missiles, Sunnyvale, California

Combustion science
The process of combustion still accounts for some 85% of the
world's energy production. Any significant improvements in the
efficiency of this process would translate directly to fuel saving
and reduction of release of greenhouse gases.

Combustion studies on board the Space Shuttle have
already provided a novel means of validating some of the most
basic theories of combustion processes such as the Burke -
Schumann model of gas jet diffusion. At the recent 25 th
International Symposium on Combustion, almost 10% of
papers presented related to low gravity combustion research.

The process of 'combustion synthesis' where valuable
materials such as high strength carbon fibres, lightweight
composites and fullerines are produced directly as a product of
combustion is also currently being studied in low gravity
environments.

When a candle is lit in space, it develops to form a spherical
shape initially which is subsequently extinguished due to the
lack of convection processes which supply fresh oxygen to the
zone of combustion. This is because the heated air does not
rise in space due to its reduced density as would be the case
on earth.

Life on earth has basically developed in within the confines
and limitations a the gravitational field of the earth. The removal
of gravity introduces a radical alteration of a broad range of
mechanisms for living organisms. It is this removal of gravity
which allows a better understanding of the role of gravity as a
regulatory factor in life sciences.

Advanced technology development
Support for the specialist systems required for the Space
Station is expected to push significant investment into a broad
range of technologies. The requirement to develop high
efficiency and stable solar arrays for the Space Station project
is likely to benefit in a general way the drive to develop more
efficient and cost effective solar cell technology.

Significant investment is being directed towards the area of
reliable robotic systems and systems for remote operations.
Canada, for example, is involved in developing robot arm
technology for loading/unloading of hardware to and from the
Space Station.

In addition, significant developments are required for so
called Advanced Extravehicular Activity (EVA) systems where
astronauts may be required to spend long periods assembling
and maintaining space vehicles.

The standard way of obtaining power in space has been to
use solar cells. While this is essentially straightforward for
single satellites and deep space probes, for the Space Station
the size of array required is significant and as a consequence
introduces atmospheric drag due to contact with residual
traces of the atmosphere. At best, the photovoltaic system will
demonstrate 25% efficiency. One option being assessed is to
develop a thermodynamic solar generator where solar energy
is focused onto absorbing surfaces and stored in a thermal
storage reservoir from where it can be extracted as required in
some kind of power generation system.

One of the problems of space technology is that evolution
of systems can be a slow and deliberate process where even
the best ground based simulation systems cannot fully match
the harsh conditions experienced in outer space. The Space
Station will provide the opportunity for prototype component
systems to be exposed to the harsh environment of space and
then returned to earth for assessment and verification of
function. This should accelerate the rate of development of
space technology and confirm the trend towards smaller, more
reliable spacecraft. Will this mean that those countries not
participating in the Space Station project will miss out on
developments at this cutting edge of technology?

Life support
A critical part of the Space Station technology will be its life
support systems which maintain a breathable atmosphere,
regulate the temperature of inhabited modules and also where
possible recycle waste products. The development of this
technology is expected to make available vastly improved air
and water quality sensors in order to monitor and regulate
processes adequately.

The dramatically reduced availability of water in space will
drive technologies that will also benefit water utilisation on
earth - especially in regions of drought.

It is widely recognised that the existing life support systems
for space missions are not sufficiently developed to sustain
longer missions to Mars and beyond. The expected migration
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"The Best Autorouter that I have seen costing
less than £10,000!" R.H. - (Willingham, UK)

Uses the latest 32 Bit, Shape
Based, Multi -pass, Shove -aside
and Rip -up and Re -try Technology

 AutoRoute very large and complex
boards
User Controllable,

User Configurable
100% Completion where other
autorouters fail
100% Autorouted 140 Components
on a 210mm x 150mm board in less
than 10 minutes! (75MHz Pentium)
Could Easily Pay For Itself On The
First Project

MultiRouter!
Integrated Electronics CAD Affordable Electronics CAD

Schematic Capture

Analogue
& Digital

Simulation

I

El

iie$A
IdW And PCB Design

r1iirrieNazz-7-M
Prices from UK£145 / US$275

EASY -PC Professional: Schematic
Capture and PCB CAD. Links directly to
ANALYSER Ill, LAYAN and PULSAR.

From $275 £145

MultiRouter: 32bit Multi -pass Autorouter
for EASY -PC Professional XM

$475 £295

LAYAN: New Electro-Magnetic layout
Simulator. Include board parasitics in
your Analogue simulations. Links with
and requires EASY -PC Professional XM
and ANALYSER Ill Professional

$950 £495

PULSAR: Digital Circuit Simulator From $195 £98

ANALYSER III: Analogue Linear Circuit
Simulator

From $195 £98

FILTECH: Active and Passive Filter
Design program

From $275 £145

STOCKIT: New comprehensive Stock
control program for the small or medium
sized business

$275 £145

EASY -PC: Award Winning PCB and
Schematic CAD.

$145 £75

Z -MATCH : Award Winning Smith -Chart
based program for RF Engineers.

From $275 £145

We operate a no penalty upgrade policy. US$ prices include
Post and Packing Sterling Prices exclude P&P and VAT.

For Full Information and Demo' Disk, please write, phone, email or fax: -

Number One Systems
 TECHNICAL SUPPORT FREE FOR LIFE
 PROGRAMS NOT COPY PROTECTED.
 SPECIAL PRICES FOR EDUCATION.

UK/EEC: Ref: ETI, Harding Way, St.Ives, Cambridgeshire, ENGLAND, PE17 4WR.
Telephone UK: 01480 461778 (7 lines) Fax: 01480 494042

USA: Ref: ETI, 126 Smith Creek Drive, Los Gatos, CA 95030
Telephone/Fax: (408) 395-0249

Email: sales@numberone.com
International +44 1480 461778

VISA



Is your PCB design package no
quite as "professional" as you
thought? Substantial trade-in
discounts still available.

I I r
thematic aptur Des' 01

Direct neilist link to BoarriMaker2
Forward annotation with part valuE,,s
Full undo/redo facitity (50 operatior
Single -sheet, multi -paged and hierarchic
Smooth scrolling
Intelligent wires iautornatic junction
Dynamic connectivity information
Automatic on-line annotation
Integrated on -the -fly library editor
Context sensitive editing
Extensive component -based power cont'ol
Back annotation from BoardMaker2

- 39

111111111111111111 1111111111111111111111111111111 °

Boar
r. Entry level

PCB and schematic drafting
Easy and intuitive to use
Surface mount and metric support
t30. 45 and curved track corners
Ground plane fill
Copper highlight and clearance checking

BoardMaker2 - Advanced level

£95

All the features of BoardMakerl
Full netlist support- BoardCapture 1E395
OrCad, Schema, Tango, CadStar
Full Design Rule Checking
both mechanical and electrical
Top down modification frcm the schematic
Component renumber with back annotation
Report generator- Database ASCII, BOM
Thermal power plane support with full DRC

Gridless re-entrant autorouter

Simultaneous multi -layer routing
 SMD and analogue support

Full interrupt, resume, pan
and zoom while routing

Output drivers - included as standard
Printers - 9 & 24 pin Dot matrix,
HPLaserjet and PostScript
Penplotters - HP, Graphtec & Houston
Photoplotters - All Gerber 3X00 and 4X00
Excellon NC Drill and Annotated
drill drawings (BM2)

For futher information contact
Tsien (UK) Limited

Aylesby House
Wenny Road, Chatteris
Cambridge, PE16 6UT

Tel 01354 695959
Fax 01354 695957

E-mail Sales@tsien.demon.co.uk tsien



of this technology - based on that of the Russian Mir space
station will be one of the key results to emerge from the Space

Station project.

A scientific observatory -141wgWOMPS00-

The long term exposure to grew On fiCtpace Station will
provide an opportunity to study at close hand the effects due
to ionising radiation. This is also an important consideration for

any future exploration of the solar system and beyond.
A range of more formal experiments will be undertaken

using the Space Station and are planned to include studies of
high energy astrophysics (cosmic rays), solar observations, and
analysis of cosmic dust. The inherent value of the Space
Station is that it provides a long lived platform within which
varying phenomenon, such as the level of solar radiance, can

be monitored.

The commercial aspect
With the Space Station there is a very clear move towards
securing commercial interest in its range of scientific
experiments. This is of course designed towards reducing the
demands on the public purse. There is never, of course any
certainty that any amount of funds will necessarily offer up
scientific results which are of significant commercial value. The
scientists may end up having the time of their lives and build
their scientific careers on the vast swaths of data that emerge.
But as to the inherent commercial value of what emerges, this

is very certainly a gamble.
Some scientists are worried, however, that the large

budgets set against the Space Station can only be sustained
by reducing funding of Science elsewhere.

In reflection
The technology developed for the Space Station is primarily
intended to maintain momentum in the reach -out of mankind
into space. The planned rejuvenation of terrestrial science that

is promised to follow this venture is something of an unknown

quantity. Even Christopher Columbus's voyage was never
expected to bear much fruit. Perhaps the greatest
achievement, however, is the working together of diverse
groups on a common peaceful implementation of science and

technology and with the fear of world wide conflict removed.
What is something of a disappointment, however, is the low

profile of the present generally successful Shuttle/Mir
encounters in the Media. It seems that something has to go
dreadfully wrong before the hard work of space development
comes into the public domain.

It is respectful to remember, however, the early difficulties of

the Russian space station initiative and the dogged
determination to perfect technology and succeed. There is no
doubt that the International Space Station can be a
technological success. This could very well act as a catalyst for
scientists and technologists on terra firma to work under
common initiatives on the many problems confronting mankind

now and in the future.

Points of contact:
Information Services Center, NASA, Lyndon B. Johnson Space
Center, 2101 NASA Road 1, Houston, Texas, 77058-3696,
USA.

Center for Aerospace Information, Technology Transfer Office,
800 Elkridge Landing Road, Linthicum Heights, MD 21090,
USA. Tel 001 301 859 5300 ext 245.

The Internet
Just search under space station and see what happens! Their

number is legion. Some specific contacts are:

ISS White Papers -http://issa-
www.jsc.nasa.goviss/prgview/sswp.html

International Space Station (official) -
http://liftoff.msfc.nasa.gov/station/welcome.html

ISS Bulletin Board -http://issa-
www.jsc.nasa.goviss/spacestation_v2.shtml
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What do you call a gadget whose only function is to surprise people? It's a startler!

eing as it is the
Christmas
season, it is not
too out of order
to give your

nearest and dearest a mild
surprise with their Christmas
port. You may even be able to
convince people that they
have had too much to drink
by fitting the following little
project into an appropriate
bottle. A gin bottle that bleeps
and flashes may not be so
traditional as pink elephants,
but the message should be
clear.

What the Startler does is to
flash strings of LEDs while
generating a varying - let us
be frank, and call it a
"weebling" - tone from a
piezoelectric sounder,
whenever it is disturbed. The
prototype uses a tilt switch,
set at such an angle that it
would start the device off at the slightest vibration. (This was
so successful that for a while, every time the front door
opened, off it went ...) An alternative that we also tried is to
use a momentary action pushbutton mounted on the bottom
of a case so that the weight of the case holds the switch
closed. Picking up the gadget will then trigger off the sound
and light display. This works less well with very light cases like
our soap -bottle.

How it works
The device contains two oscillators and a counter. The first
oscillator clocks the counter round, flashing the leds and
varying the voltage fed to the second oscillator.

The second oscillator works at a higher frequency, and
generates audio frequencies which are heard in the sounder.
Its frequency is varied by the voltage fed to it by the resistors
connected to the counter.

When power is first applied, and assuming SW1 is closed,
the following sequence of events takes place:

Initially C2 is uncharged, so that IC2a pin 1 is taken to logic
1, while IC2b pin 6 is held to the logic level on IC2a pin 3.
Because pin 1 is held to a high enough voltage to pass as
logic 1 for several seconds, normally the bistable will start with
pin 3 low and pin 4 high. Any glitch at all on pin 3 at power up
will set the bistable into this mode.

This probable startup mode is the run condition. IC2c pin 9
being held low forces the output on pin 10 to logic 1, which
enables both oscillators and removes the reset signal from the
counter.

IC3 a and b form a low frequency clock oscillator which
makes IC1 count slowly enough for the individual steps to be

visible and audible. The counter
outputs drive chains of LEDs
whose operating current is
determined by the current
limiting on the output of 101.
The same counter outputs also
vary the voltage applied to the
timing point of the second
oscillator, formed from IC3 c
and d. This varies the frequency
of the oscillation to give a
characteristic weebling noise
from the sounder.

This continues until C2
charges via R1 so that the
voltage on IC2 pin 1 is low
enough to be interpreted as
logic 0, at which point the
bistable flips to its other state.

This is the signal to stop the
counting and the weebling, but
in order to complete the
sequence rather than have it
stop in the middle, the 00
signal from the counter is gated
with the output of the bistable

so that the oscillators are not stopped, and the reset signal not
applied, until a defined counter state. Of course, when the
counter is reset, QO goes to logic 1 anyway, so that the reset
state is not disturbed until overridden by the bistable.

Assuming that the switch remains closed for a while, C2
now discharges so that IC2 pin 1 is at logic 1. If the switch is
then opened for just a moment, the state of the bistable
changes because R2 pulls IC2 pin 6 to logic 0, and flips the
state of the bistable. This starts the above sequence again.

The sounder is a high -impedance device, and is driven from
the output of a CMOS gate. DC blocking is provided by C5,
with a DC bleed resistor, R14, avoiding the possiblity of any
standing DC on the sounder, because some piezo-ceramic
devices can fail if DC is applied for long periods.

The choice is yours
Several choices can be made at the time of assembling the
unit. First of all, the time for which it bleeps at you after which
you pick it up may be altered by choosing the value of C2
appropriately. The schematic shows a 470nF polyester
capacitor, which will give an operating time about 3 seconds.
Increasing this to 1uF to roughly double the operating time is
possible while sticking with a non -polarised capacitor , but for
higher values it will probably be more convenient to use
tantalum or electrolytic capacitors. A radial electrolytic can be
fitted in the space if its wires are bent outwards to line up with
the PCB holes.

The specified leakage current for an electrolytic capacitor is
too high to permit it to function in this application, but in
practice the majority of electrolytics and virtually all tantalum
bead capacitors will actually work. The prototype was deemed
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Figure 1: the circuit of the Startler
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not to be irritating enough, so the 470nF capacitor was
replaced by a 4u7 electrolytic, which works perfectly well
and gives a weebling time of about 30 seconds.

The sequence of frequencies played can be altered by
changing the values of one or more of the resistors which
control the frequency, that is, R7 to R13 inclusive. Values
below about 100k tend to stop the oscillator, so there is a
limited range of control available. Equally, the colours for the
LEDs can be chosen to give a pleasing pattern. Typically, it is
better to stick to red, yellow and green LEDs, but if blue
LEDs are to be used, then because these have a higher
voltage drop than the other colours, it will probably be
necessary to use one blue LED in series with one other
colour, instead of using the normal 3 LEDs in the chain.

The unit is designed to be used with the wide -frequency
Electromail sounder given in the Parts List and has not been
tested for any other bleeper. It may work with other piezo-
electric sounders, but there are few that give a range of
frequencies, and the unit will not be so, shall we say,
interesting with a mere single frequency.

The unit is designed to be left on
all the time, but you can if you wish
add an on -off switch in series with
the battery supply. This only makes
the circuit wiring a little bit more
conspicuous.

Assembling the PCB
Assembly should present no
problems, simply follow the
component layout and put the
components in the appropriate
places. Take note that there is one
straight wire link and one with two
bends in it. For the latter, it would
probably be best to use insulated
wire to avoid short circuits with
other components.

All the ics go in the same way round, so if you see that
one is reversed, so not switch on. Modern cmos is fairly

static -resistant, but some minimal static precautions should
be taken, because the humidity indoors is normally lower in
winter because of the colder outdoor temperatures, and this
means that static charges build up more easily. Static
damage to a cmos is can leave the chip in working order but
drawing much more power supply current than it should do.
This would prove to be a particular annoyance in this unit,
because the battery is left connected all the time (unless you
have chosen to fit an on/off switch.

Before fitting the leds, it is necessary to decide what the
unit is to be mounted in. Assuming that it is to be built in a
small plastic container like the prototype, then the LEDs can
be strung across the top of the PCB, supported safely above
the other components on their own wires. It is probably best
to connect the LEDs in chains forst of all, leaving the end -
wires of each chain uncut. It is important to know which way
round the LEDs are, and a good way to do this is to use a
resistor in the range 1 k to 4k7 and the PP3 battery on which
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the unit is to be run to power any LED that you want to check.
Check each LED before connecting it into the chain, and then
chekc the whole chain to make sure it works, and make a note
of which end of the chain was connected to positive when the
LEDs lit. This is the end which must be connected to one of the
row of pads along the edge of the PCB, which connect back to
the counter outputs. These pads are labelled J3 to J8 on the
schematic.

In the prototype it was found effective to mount each LED
chain to one of the LED output pads, leaving an appropriate
length of wire to fit in the enclosure, then to join the wires at the
other end together to form a common ground point. The
ground point was finally linked back to J9 by means of a stiff
piece of tinned copper wire in the final assembly. This gave a
firm support for the LEDs.

Of course, the LEDs must be electrically in chains of three,
but if you choose to wire up your chains on extension wires,
you could put them almost anywhere, and hide the PCB
anywhere that it might be disturbed. (Hiding in bowls of crisps
or other eatables, of course, is not a good idea as solder dust
is not good for the health, quite apart from salt damage to your
carefully -constructed board.)

The sounder specified for use with this project has a metal
frame which is connected to the ground of the sounder. As can
be seen in the photograph, the sounder was supported by
soldering one of its metal tabs to the common ground
connection of the LEDs.

The tilt switch specified can be mounted straight onto the
PCB between J1 and J2. When the PCB is fitted into a case,
the wires of the tilt switch can be bent a little so that the switch
remains normally closed but breaks contact very easily if the
unit is disturbed or rocked.

Choice of case
The prototype unit was mounted in a transparent bottle which
had once been a liquid -soap pump bottle. We wanted a
transparent one, but you may find a translucent one more
cryptic. The idea here was to peel off the label, cut a "door" for
installation, and re -fix the label, covering the evidence. As an
alternative, a little forethought would have resulted in my
keeping one of those small plastic bottles in which alcoholic
drinks are served on aeroplanes, an item more likely to be
picked up if left lying around! The round wine bottles that they
serve are (alas) not big enough for the board as laid out, but I
have encountered drinks served in small rectangular -section
bottled that could be pressed into service ... Or a small -sized
plastic duty-free gin bottles may be suitable. But no doubt other
possibilities will occur to you once you once you have built your
"Startler".

Resistors (all .25W 5% unless
otherwise stated)
R1 10M
R2,R3,R4,R9,R14 1M
R5,R7 100k
R6 22k
R8,R10 470k
R11 220k
R12 330k
R13 1M5

Capacitors (All polyester 0.2in
pitch unless otherwise stated)

0.1in
C2
C3,C5
C4

Semiconductors
IC1

IC2,C13
LEDs

10uF 16V radial electro
pitch
470nF
100nF
10nF

4017
4011
18 in total, colours to
your choice

Miscellaneous
Sounder (Electromail part no. 249889); PP3 battery
clip; tilt switch (for example, Maplin part no. DP50E)
or small pressure -sensitive switch; small on/off
switch (optional), PP3 battery, insulated wire,
solder, etc.
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TELJNET

num

8 CAVANS WAY,
BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 2SF
Tel: 01203 650702
Fax: 01203 650773
Mobile: 0860 400683

(Premises situated close to Eastern -by-pass in Coventry with easy access
to Ml, M6, M40, M42, M45 and M69)

Cossor 3102 - 60MHz Dual Channel
'LOSCOPES

£250
Gould OS 255 - 15MHz Dual Channel £150
Gould OS 3351 - 40MHz Dual Channel £220
Gould 5110 - 100MHz Intelligent oscilloscope £850
Gould 1602 - 20 MHz D.S.O. with printer (cursors) £1150
Hameg - 203/203-4/203-5/203-6 - 20 MHz Dual Channel from £175
Hewlett Packard 1740A, 1741A, 17744A, 100MHz dual ch from £350
Hewlett Packard 1707A, 170713 - 75MHz 2ch from £275
Hewlett Packard 54200A - 50MHz - 2 Ch Digitizing £1000
Hewlett Packard 54201A - 300MHz Digitizing £1750
Hewlett Packard 54501A - 100MHz - Digitizing 4 channel £1950
Hewlett Packard 54100D - 1GHz Digitizing £4500
Hewlett Packard 182C -4 channel - 100 MHz £350
Hitachi V650F - 60 MHz Dual Channel £350
Hitachi VC6265 - 100 MHz Digital Storage (AS NEW) GPIB £2250
Intron 2020 - 20 MHz Digital Storage (NEW) £750
Iwatsu SS 5702 - 20MHz Dual Channel £175
Iwatsu SS 5121 - 100MHz Dual Channel £425
Iwatsu SS 5710 - 60MHz Dual Channel £375
Kikusui COS 6100 - 100MHz, 5 Channel, 12 Trace £475
Kikusui DSS 6522 - 20MHz Digital Storage £475

Kikusui DSS 6522 - 100MHz Dual Channel £425
Meguro - MSO 1270A - 20 MHz Digital Storage (NEW) £750

N'c I t 3091 - LF D S 0 £1100
Panasonic VP5741A - 100 MHz D.S.O. with Digital readout - waveform analysis - TV Signal Analysis
Function - G.P.I.B.
Phillips 3211, 3217, 3240, 3243, 3244, 3261,
3262 (2ch + 4ch) from £125
Philips 3219 - 50MHz with analogue storage £400
Philips PM 3295A - 400MHz Dual Channel £1950
Philips PM 3295 - 350MHz Dual Channel £1500
Philips PM 3315 - 60MHz - D.S.O. £750
Philips 3263 - 100MHz Dual Channel with Microprocessor Controlled Timing £400
Philips 3540 - Logic Scope (25MHz Scope & Logic Analyser) £350
Tektronix 434 - 25MHz - 2 Channel. Analogue Storage £250
Tektronix 454 - 150MHz - 2 Channel £4??Tektronix 468 - 100MHz -D.S.O.£750
Tektronix 2213 - 60MHz Dual Channel £425
Tektronix 2215 60MHz dual trace £450
Tektronix 2236 - 100MHz Dual Channel with Counter/Timer £9??
Tektronix 2335 Dual trace 100MHz (portable) £750
Tektronix 2445 150 MHz - 4 Channel £1250
Tektronix 2445A - 150MHz - 4 Channel £165
Tektronix 2225 - 50MHz dual ch £450
Tektronix 455 - 50MHz Dual Channel £350
Tektronix 464/466 - 100MHz An storage from £350
Tektronix 465/4658 - 100MHz dual ch from £350
Tektronix 475475A - 200MHz/250MHz Dual Channel from £475
Tektronix 7313, 7603, 7613, 7623, 7633, 100MHz 4 ch from £300
Tektronix 7704 - 250MHz 4 ch from £650
Tektronix 7904 - 500MHz from £850
Tektronix 7934 500MHZ with storage from £1000
Telequipment D83 - 50MHz Dual Channel £200
Telequipment DM63 - 20MHz - 4 Channel £150

Other scopes available too

£2500

SPECIAL OFFER
HITACHI V212 - 20 MHZ DUAL TRACE
HITACHI V222 - 20 MHZ DUAL TRACE + ALTERNATE MAGNIFY

£180
£200

SPECTRUM ANALYSERS
Advantest 4133A - 100KHz - 20 GHz £6995
Eaton/Ailtech 757 - 10KHz - 22 GHz
Hewlett Packard 3580A - -5Hz-50KHz £995e2750

Hewlett Packard 3709B - Constellation Analyser with 15709A High Impedance Interface (As New)....
£5750
Hewlett Packard 1827 with 8559A (10MHz - 21GHz) £3750
HP 3582A - 25KHz Analyser, dual channel £2500
Hewlett Packard 35601A - Spectrum Analyser Interface £1000
Hewlett Packard 1417 a- 85528 + 8555A - (10MHz - 18GHz) £1600
Hewlett Packard 8505A - Network Analyser (500KHz - 1.3GHz) £4000
Hewlett Packard 3562A Dual Channel Dynamic Sig. Analyser £7500
Hewlett Packard 8590A 15 10KHz-1.5 GHZ £4250
Hewlett Packard 8592A - 50KHz - 22GHz Portable £10,000
Marconi 2370 - 110MHz £995
Marconi 2371 - 30KHz - 200MHz £1250
Meguro MSA 4901 - 1-300 GHz (AS NEW) £1995
Meguro MSA 4912 - 1-1 GHz (AS NEW) £3000
Polrad 641-1 - 10MHz - 18GHz £1500
Rohde & Schwarz - SWOB 5 Polyskop 0.1 - 1300MHz £2500
Tektronix 2710 9 Khz - 1.8 GHz £4250
Tektronix 7L18 with 7603 mainframe (1.5-60GHz with external mixers) £2000

I MISCELLANEOUS
AVO RM215 - U2 - AC/DC Breakdown, Leakage + Ionisation Tester £400
ANRITSU ME 4628 DF/3 Transmission Analyser £3000
Anritsu MG642A Pulse Pattern Generator £1500
California 751TC - AC variable Power Source £1200
Datalab DL 1080 Programmable Transient Recorder £350
Dyanpert TP20 Intelliplace - Tape peel Tester - immacualte condition £1950
E.I.P. 548A - Frequency Counter (26.5 GHz) £2995
EIP 331 - Frequency counter 18GHz £700
Parnell AP70- Power Supply (0-70v/30A) Auto Ranging £750
Farnell SSG -520 Signal Generator (520 MHZ) £400
Farnell TSV 70 Mkll Power Supply (70V -5A or 35V -10A) £200
Flure 5100A - Calibrator £3500
Flure 5101B - Calibrator with Tape Deck £5000
Flure 51008 - Calibrator £4500
Heiden 1107 - 30V -10A Programmable Power Supply (IEEE) £650
Hewlett Packard 3437A System voltmeter £350
Hewlett Packard 3456A Digital voltmeter £850
Hewlett Packard 3438A Digital multimeter £200
Hewlett Packard 3711A/3712A/379113/3793B Microwave Link Analyser £3500
Hewlett Packard 3776A - PCM Terminal Test Set £POA
Hewlett Packard 3325A - 21MHz Synthesiser/Function Gen £1500
Hewlett Packard 3488A - HP - 1B Switch control unit
(various Plug -ins available) £650
Hewlett Packard 334A - Distortion Analyser £300
Hewlett Packard 339A - Distortion Measuring Set £1500
Hewlett Packard 3581A Wave Analyser £750
Hewlett Packard 3455A 61/2 Digit M/Meter (Autocal) £750
Hewlett Packard 3776A - PCM Terminal Test Set £P1134.
Hewlett Packard 3779 A/C - Primary Multiplex Analyser from £1000
Hewlett Packard 3779A/3779C - Primary Mux Analyser from £600
Hewlett Packard 4275A - LCR Meter (Multi -Frequency) £4280
Hewlett Packard 4342A - '0' Meter £995

Hewlett Packard 4954A - Protocol Analyser £2995
Hewlett Packard 4953A . Protocol Analyser £2750
Hewlett Packard 432A Power Meter (with 478A Sensor) £275
Hewlett Packard 435A or B Power Meter (with (3481A/84E14A) from £750
Hewlett Packard 4948A - (TIMS) Transmission impairment WSet £2000
Hewlett Packard 47298 - Carrier Noise Test Set £2000
Hewlett Packard 4261A - L.C.R. Meter (Digital) £500
Hewlett Packard 4271B - L.C.R. Meter (Digital) £900
Hewlett Packard 5420A Digital Signal Analyser £350
Hewlett Packard 5335A - 200MHz High Performance Systems Counter £600
Hewlett Packard 5342A - Frequency Counter 18 GHZ £1500
Hewlett Packard 5342A - Microwave Frequency Counter (18GHz) £1500
Hewlett Packard 5314A - (NEW) 100MHZ Universal Counter £250
Hewlett Packard 5183 - Waveform Recorder £2250
Hewlett Packard 5238A Frequency Counter 100MHz £250
Hewlett Packard 5370A - 100MHz Universal Timer/Counter £450
Hewlett Packard 5385A Frequency Counter - 1GHz - (HP1B)
with OPTS 001/003/004/005 £995
Hewlett Packard 6034 - 60v -10a System Power Supply £1500
Hewlett Packard 6623A Triple output system power supply £1950
Hewlett Packard 6652A - System P.S.U. 20v -25a £1950es

Hewlett Packard 6253A Power Supply 20V -3A Twin
Hewlett Packard 6181C D.C. current source £150
Hewlett Packard 6255A Power Supply 40V - 1.5A Twin £200
Hewlett Packard 62668 Power Supply 40V -5A £220
Hewlett Packard 6271B Power Supply 60V -3A £225
Hewlett Packard 6002A - Autoranging P.S.U. 50V - 10A £650
Hewlett Packard 6034A - 0 -60V -10A System P.S.0 £1500
Hewlett Packard 7475A - 6 Pen Plotter £250
Hewlett Packard 7550A - 8 Pen Plotter A3/A4 £450

HEWLETT PACKARD 6261B
Power Supply 20v -50A £450 Discount for Quantities

Hewlett Packard 8403A - Modulator £500
Hewlett Packard 8660D - Synthesised Sig Gen 10 KHZ-2.6 Ghz £4500
Hewlett Packard 83498 - Microwave Broadband 'Amplifier (as new) 2 - 20GHz £4250
Hewlett Packard 8165A - 50 MHZ Programmable Signal Source £1650
Hewlett Packard 83508 Sweep Oscillator Mainframe (various Plug -Ins available) extra £2650
Hewlett Packard 8656A - Synthesised Signal Gen (100KHz - 990MHz) £1750
Hewlett Packard 8683A - Microwave Signal Gen (2.3 6.5GHz) £2750
Hewlett Packard 8152A - Optical Average Power Meter £1250
Hewlett Packard 81588 - Optical Attenuator (OPTS 002 + 011) £35£112

Hewlett Packard 8444A - Tracking Generator £775
Hewlett Packard 83554A - Wave Source Module 26.5 to 40 GHz

Hewlett Packard 8011A Pulse gen. 0.1Hz-20MHz £500
Hewlett Packard 8620C Sweep oscillator mainframe £400
Hewlett Packard 8750A Storage normaliser £375
Hewlett Packard 8684A 5.4GHz to 12.5GHz Sig -Gen £2750
Hewlett Packard 8011A Pulse gen. 0.1Hz-20MHz £500
Hewlett Packard 8620C Sweep oscillator mainframe from £250
Hewlett Packard 8750A Storage normaliser £375
Hewlett Packard 8754A - Network Analyser 4 - 1300MHz £2950
Hewlett Packard 853A with 8559A - (0.01 - 21GHz) £4250
Hewlett Packard 8565A - (0.01 - 22GHz) £3750
Hewlett Packard 8684A 5.4GHz to 12.5GHz Sig -Gen £3500
Hewlett Packard 8903A - Audio Analyser (20Hz - 100KHz) £2600
Hewlett Packard 8958A - Cellular Radio Interface £4000
Hewlett Packard 8901A - Modulation Analyser £3400
Hewlett Packard P382A Variable Attenuator £250
Hewlett Packard 1172913 - Carrier Noise Test Set £2000
Krohn -Hite 2200 Lin/Log Sweep Generator £995
Krohn -Hite 4024A Oscillator £250
Krohn -Hite 6500 Phase Meter £250
Marconi 2432A 500MHz digital freq. meter £200
Marconi - 2019A - 80KHz - 1040MHz - Synthesised Signal Generator £1950

£2000

Marconi 6960 (& 6910 Head) - Microwave Power Meter

Marconi 2871 Data Comms Analyser
Marconi 6500 Automatic Amplitude Analyser £1750£9

Marconi 2018 - 80KHz - 520MHz SynthesisedAM/FM Signal Generator £950

Phillips 5390 Programmable FVF Signal Gen (1020 MHZ)

£400Philips PM 5167 10MHz function gen
Phillips 5190 L.F. Synthesiser (G.P.I.B.)

80
Philips (5518 -TX) - TV Pattern Generator

£1£2500
£1500

Prema 4000 - 6 1/2 Digit Multimeter (NEW)
Raca Dana 9242D Programmable PSU 25V -2A
Raca Dana 92465 Programmable PSU 25V -10A

£450

Raca 1992 - 1.3GHz Frequency Counter

cu£84005000

Raca Dana 3100 40-130MHz synthesiser

£300

Raca Dana 9081 Synth. sig. gen. 520MHz £550
Raca Dana 9084 Synth. sig. gen. 104MHz £450
Raca Dana 9303 True RMS/RFevel meter £650
Raca Dana 9303 RIF Level Meter & Head £650
Raca Dana 9917 UHF frequency meter 560MHz £175
Raca Dana 9302A RIP millivoltmeter (new version) £375
Raca Dana 9082 Synthesised am/fm sig gen (520MHz) £500

Raca 9301A - True RMS R/F Millivoltmeter
£POA000Race 9085 Low Distortion Oscillator

Raca 9921 - 3GHz Frequency Counter £450
Rohde & Schwarz AMF 2 - TV Demodulator £1250
Rohde & Schwarz LFM 2 - 60 Mhz Group Delay Sweep Gen £1600
Rohde & Schwarz UPSF 2 - Video Noise Meter ££500140

Rohde & Schwarz SUF 2 Noise Generator

0

Rohde & Schwarz - Scud Radio Code Test Set
0

Rohde & Schwarz UPGS - Psophometer £150
Schaffner NSG 203A Line Voltage Vanation Simulator £1250
Schaffner NSG 222A Interference Simulator

Schlumberger Si 4040 Stabilock - High accuracy 1GHz Radio Test Set

Ef885500

Schaffner NSG 223 Interlerance Generator

Schlumberger 4923 Radio Code Test Set
£4995

Schlumberger 4031 - 1GHz Radio Comms Test Set £7E1005000

Schlumberger 2720 1250 MHz Frequency Counter £500
Stanford Research DS 340 - 15 MHz Syntesized Function (NEW)
and arbitrary waveform generator £1200
Systron Donner 6030 - Microwave Frequency Counter (26.5 GHz) £2750
Telequipment CT71 Curve Tracer £250
Tektronix TM5003 + AFG 5101 Arbitrary Function Gen £1750
Tektronix 1240 Logic Analyser £750
Tektronix 651 HR Monitor POA
Tektronix DAS9100 - Series Logic Analyser £500
Tektronix - Plug -ins - many available such as SC504. SW503, SG502,
PG508, FG504, FG503, TG501, TR503 + many more
Tektronix 577 Curve Tracer
Tektronix AM503 + 7M501 + P6302 - Current Probe Amplifier
Tektronix PG506 + TG501 + SG503 + TM503 - Oscilloscope Calibrator
Tektronix CG5001 - Programmable Oscilloscope Calibrator Generator
Tektronix AA5001 & TM 5006 M/F - Programmable Distortion Analyser
Tektronix 577 - Curve Tracer

£POA
£1150

£995
£1995
£3995
£2500
£1150

Time 9811 Programmable Resistance £600
Time 9814 Voltage Calibrator £750
Toellner7720 - Programmable 10 MHz Function Gen (AS NEW) £700
Wavetek 172B Programmable Sig Source (0.0001HZ-13MHZ) £P.O.A.
Wavetek 3010 - 1- 1GHz Signal Generator £1250
Wiltron 560 Scalar Network Analyser £800
Wiltron 6620S - Programmable Sweep Generator (3.6 - 6.5GMZ) £650

MANY MORE ITEMS AVAILABLE -
SEND LARGE S.A.E. FOR LIST OF EQUIPMENT

ALL EQUIPMENT IS USED -
WITH 30 DAYS GUARANTEE.

PLEASE CHECK FOR AVAILABILITY BEFORE
ORDERING - CARRIAGE & VAT TO BE ADDED

TO ALL GOODS



Rudolph's N se
His nose glows and off he goes! By Terry Balbirnie

s everyone knows, Rudolph (Santa's leading
reindeer) has a red nose which guides the sleigh
at night. What many people do not know is that
he rests during the daytime and then his nose
goes green. It only warms up in the evening when

he gets ready for duty.

Cut-up
Rudolph himself is best cut out of cardboard. Those with
artistic ability could draw him themselves, or use an old
Christmas card or colouring book cut-out as a basis. Some
children might even make a three-dimensional model. Hidden
behind him is a small circuit panel on which is mounted a two-
colour (light -emitting diode) which must stick out where the
nose is supposed to be. This may involve cutting out
Rudolph's nose - we hope you have a steady hand! During
daylight hours it glows green. However, as the light falls it
suddenly becomes red and Rudolph is ready to go.

Although primarily intended for the amusement of children,
Rudolph could be used as a talking point at any Christmas
party. After a few drinks it is surprising how amusing his nose
can be!

Rudolph's current requirement is about 50mA at 12V. This is
too much for a battery to provide over a prolonged period, so
the circuit has therefore been designed to operate from a
commercial dc plug-in adaptor (preferably of the regulated
type). If no mains supply is available, it would be possible to
use eight "C" size alkaline cells in a suitable holder and these
might be expected to give about 100 hours of service. Will

your party last that long? Alternatively, two PJ996 6V "lantern"
batteries could be connected in series.

The circuit
The full circuit diagram for Rudolph's Nose is shown in figure 1.
The 12V supply provides current through diode D1, to protect
the circuit against possible damage if the supply were
connected with incorrect polarity. The sensor is a light -

dependent resistor, LDR1. The resistance of this component
rises as the light intensity falling on its window decreases.
LDR1 forms the lower arm of a potential divider with fixed
resistor, R1 and preset potentiometer, RV1 connected in series
comprising the upper arm. Thus, as the light falling on the LDR
sensitive surface falls, the voltage applied to operational
amplifier, IC1, inverting input (pin 2), will rise. To illustrate the
action, suppose RV1 is adjusted so that, under normal daylight
conditions, the voltage applied to pin 2 is 5.5V and under
darker ones, 6.5V.

A fixed voltage equal to one-half that of the supply
(nominally 6V) is applied to the op -amp non -inverting input, pin
3, by the potential divider action of equal -value fixed resistors
R2 and R3 (ignore the effect of R4 for the moment). Under
daylight conditions, therefore, the voltage applied to the non-

inverting input will exceed that at the inverting one. This will
result in the output, pin 6, being high (positive supply voltage).
In dim light, the conditions will reverse and the voltage at the
inverting input will exceed that at the non -inverting one. The
op -amp will then switch off with pin 6 going low. The point at
which this transition occurs is controlled by RV1 and this may
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Figure 1: The circuit for Rudolph's Nose
+12V

DI
R5 1N4001

220R

be made to happen over a wide range of light levels.
Note that the light level at which the op -amp output switches

from high to low does not depend on the supply voltage. This is
because any rise or fall in it will be reflected equally in both op -amp

inputs and the relative state will be unchanged.

Down the sink
Although light -emitting diode LED1 looks much the same as a

standard component it is, in reality, two LEDs in one translucent
package - one green (LED1a) and the other red (LED1b). These are
connected together in inverse parallel: when current flows in one
direction, the red LED will light and when it flows the other way, the

green one will. When pin 6 is high (bright conditions), the op -amp
acts as a source and current flows through the green LED section
hence through resistor R6 to ground. When pin 6 is low (dim
conditions) the op -amp acts as a sink and current flows through the

red LED via resistor R5.
Resistor, R4, applies a little positive feedback to the system. This

provides sharp switching and eliminates the possibility of flickering
between the two LED sections around the critical light level. Resistor
R1 prevents an excessive current from flowing through the LDR if

bright light.

Construction
Construction of Rudolph's Nose is based on a single -sided printed
circuit board (PCB) and the component overlay for this is shown in

figure 2.

Begin by soldering the ic socket in position followed by the fixed
resistors and RV1. Add the diode taking care over its polarity. The
striped end is the cathode and is labelled "k" in the diagrams. Take
note of the polarity of the LED. The slightly shorter lead will be
connected to the upper pad on the PCB - that is, the one leading to
IC1 pin 6. Cut the longer LED lead to the same length as the shorter
one keeping note of which one is which. Sleeve the wires to prevent
short-circuits and bend the end two millimetres of each through right
angles. Solder these to the pads on the PCB using minimum heat
to prevent damage. If the leads are connected in the wrong sense,
the LED will glow green in the dark instead of red. This could be a

problem for Rudolph!
Cut the LDR leads to a length of 12mm approximately and

solder them to the PCB. This component is easily damaged by
excessive heat so it would be wise to use a heat shunt. This may be
done by gripping each wire in turn between the body of the device
and the PCB with a pair of pliers as it is soldered. Solder wires to
the "+12V" and "OV' battery supply pads and fit a 2.5mm line jack
socket or appropriate connector for the battery or power supply unit

being used.
Insert the ic into its holder taking care over the orientation. Since

this is a static -sensitive CMOS component, it would be prudent to
touch something earthed, like a water tap or a metal radiator -
before handling it, to discharge your static charge. Adjust RV1 fully
clockwise (as viewed from the edge of the PCB).

Checking Rudolph
Check the polarity of the power supply
and make the connection accordingly. If
it is connected incorrectly, diode D1 will
block the flow of current and the circuit
will not work. If the supply is of the 12V
regulated type there will be no problem.
If it is an unregulated one, it is suggested
that the switched type be used. This will
probably provide outputs of nominally 3,
4.5, 6, 7.5, 9 and 12V With the relatively

small load presented by this circuit, the output could be
considerably greater than the nominal value. To overcome possible
problems due to an excessive supply voltage, set the unit to 6V and

switch on. Increase the output voltage until satisfactory operation is
achieved. Alternatively, a voltmeter could be used to check the
voltage while on load and the output increased so that about 12V is

provided.
With the circuit operating in normal daylight, the green LED

should be on. Shade the LDR with the hand - the LED should
suddenly switch to red. If this test does not work, adjust RV1 until it
does. Note that slightly more light is needed to switch back to green
than was needed to switch to red. Such is the effect of feedback
resistor, R4. If there is too much difference between these light
levels, R4 could be increased in value and vice -versa. If, despite the
precautions, the colours operate in the opposite sense, the LED

leads will need to be reversed.
If all is well, the circuit panel should be fitted behind Rudolph with

the LED leads bent as necessary to allow the lamp end to be
pushed through the nose position. The circuit panel is light enough
to be normally self-supporting. However, an adhesive fixing pad

become warm in

operation. Care will need to be taken to ensure that overheating

does not occur if the circuit panel is enclosed.
Place Rudolph so that the LDR receives direct light from a

window rather than ambient light in the room. This will avoid the
LED changing colour when the room lights are switched on and off.
Placing the model on a window sill would be therefore ideal. Once in
position RV1 is adjusted so that the LED changes colour at the
required light level. Having done this, Rudolph should not be moved

or RV1 will need to be re -adjusted.

Happy Christmas!

Resistors (All fixed
resistors 0.6W 1%)
 R1 470R

 R2, R3 47k

 R4 1M

 R5, R6 220R

 LDR1 ORP12

 RV1 47k miniature vertical preset.

Semiconductors
 IC1
 D1
 LED1

CA3130 op -amp

1N4001

5mm bi-colour

Miscellaneous

12V 300 mA dc plug-in power supply unit or battery
supply (see text).
Material for the model, etc.
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MUI ICO Offr Bart Trepak has decided to
throw away his blown -up
lamps and "change over"
to LEDs. They can move,

Christmas flash - and even use lamps
if that's your family
favourite

Light Chain
T

here are many mysteries in our everyday lives
which in spite of our scientific advances we seem
to be no nearer to solving. Questions such as -
why does toast always fall butter side down'?.... or
why does the most expensive and inaccessible

component in a piece of equipment always blow first and
protect the fuse?....or why do only other people's numbers
come up in the National Lottery? ... have baffled philosophers,
engineers and the general public since buttered toast was
invented. One apparent mystery which exercises many
people's minds around this time of the year is why do the
Christmas tree lights which worked perfectly last year when
they were taken down fail to work now even though they have
not been used for a whole year?

The technical reason, if not its cause, is obvious. Since the
lamps are wired in series, the failure of any one bulb or a poor
connection in a bulb holder will prevent the whole string from
lighting and the annual ritual of tightening the lamps in their
holders or replacing each lamp in turn has to be re-enacted,
the operator balanced precariously over a prickly tree hung
with fragile glass ornaments - a process which can drive one
to drink well before the festive season gets under way.

Some manufacturers have tried to overcome these
difficulties by designing lamps to go "short circuit" when they
fail and which do not therefore prevent the whole string from
lighting. This however only serves to put off the problem and
can even make it worse, as each of the remaining lamps is
subjected to a greater fraction of the supply voltage and so
tends to fail earlier, especially if the non -operation of a lamp is
not noticed immediately. This means that by the time the failed
lamp or lamps are replaced, the life of the working ones will
have been severely reduced resulting in the extra exercise and
expense of more frequent replacement of bulbs.

The low cost of LEDs has prompted some manufacturers to
offer "Christmas tree lights that never fail" at prices outrageous
to those of us who know the price of LEDs. LEDs are ideal for
this application, and with blue LEDs now at more or less
reasonable prices, the objection to using LEDs due to the
limited range of colours is no longer valid. The relatively low
brightness of LEDs compared to lamps is not a serious
drawback, and since they do not fail like lamps they can be
soldered permanently into a chain, removing the need for those
unreliable holders. Their low forward volt drop means that
strings of 50 or more can easily be made to operate from the
mains, provided of course that the current is limited to a
suitable value of less than 20mA. A hundred LEDs of various

Figure 1:the LED mains drive circuit

Figure 2a: the improved LED mains drive circuit

RP

230V
AC MAINS

LN4

LEDs

Figure 2b: full wave LED mains drive circuit

LED

SOLDER

WIRE

HEAT SHRINK
SLEEVING

Figure 3: constructing the LED chain

HEAT SHRINK
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Figure 4: the circuit of a Christmas tree light flasher
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Figure 5: the circuit of a Christmas tree light chaser
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COMMON

Figure 6: positioning the LED strings to obtain a "chase" effect

colours can easily be purchased for about £10 - £15 (as long
as there are not too many blue ones) and neglecting the cost
of wiring them which is part of the fun of electronics (isn't it?),
this compares quite favourably with commercial lights
consisting of perhaps 20 lamps. Even buying the larger 8 or
10mm LEDs would only cost marginally more.

I therefore decided to replace all my Christmas tree lights
once and for all, and ordered the LEDs, when it occurred to
me that LEDs are not the only components that have come
down in price and a simple string of lights which remain On is
rather boring. Making them flash would make for a far more
interesting display.

Simple lights
For those who simply want to avoid the annual chore of trying
to get the Christmas tree lights to work, the circuit in figure 1 is

the simplest possible. In theory all that is needed to run a
string of LEDs from. the mains is a resistor to limit the current
and a diode to protect the LEDs against too high a reverse
voltage. A transformer could be used to give isolation and
reduce the voltage, but as it is not normally used on ordinary
tree lights it was not considered necessary. The resistor will
need to be about 10kohm with a power rating of 5 watts, so
that the box holding this component will need to be large and
well ventilated.

A much better solution is to use a capacitor instead of a
resistor (as shown in figure 2) to drop the voltage as this would
dissipate no power. If a small enough capacitor can be found,
it may even be possible to fit it in the plug itself removing the
need for a box. A value of 100nF would give an LED current of
around 7 mA, while 220nF could be used if a brighter display
was required. The capacitor must be rated at mains voltage
(250V ac class X type) but the diode need only have a reverse
voltage rating of 30V or slightly greater than the forward
voltage of the chain. Note also that the diode could be
replaced by another string of LEDs connected in inverse
parallel, thus saving the cost of another capacitor if two chains
are to be used.

Alternatively, the apparent brightness could be increased by
connecting the chain inside a bridge rectifier as shown in figure
2a. In this case, the diodes would only need to have a reverse
voltage greater than the forward voltage drop of the chain so
that in most cases, any small signal silicon diodes such as
1N4148s could be used. Although the number of LEDs is not
specified, any number of LEDs up to about 40 could be
connected with no modification to the component values.

There is also no reason why only red LEDs should be used
and to make the display more festive, amber, yellow, green and
blue ones could be connected in place of some of the LEDs
shown with no modifications to the circuit. It should be
remembered however, that green and yellow LEDs are
generally less bright and blue ones very much so compared to

a red device passing the same current and since the current in
this circuit is determined by the value of the capacitor all the
LEDs may not appear equally bright. This is not too important
in this application but if you insist on this then it would be
better not to mix colours but to drive them from separate
capacitors and adjust the values to give a more uniform
brightness.

Construction
The LED chains can be made up using ordinary flexible wire
which is first cut into lengths of about 30 cm. The insulation is
then stripped back 5mm at each end and the ends tinned. Cut
the leads of each LED down to about 5mm as shown in figure
3 but note first which end is the cathode and which the anode
of the device. On most devices, the shorter lead is the cathode
but once the leads are cut, it is of course impossible to
determine this. Many devices have a small flattened area on
the flange adjacent to the cathode so that this may be used,
although some LEDs notably the 3mm types do not have this.
People not prone to eyestrain have been known to identify the
"way round" of LEDs by peering at their internal structure
through the plastic, but I don't recommend this unless you are
stuck, as you may end up with a squint. Slip 1 -cm lengths of 3
or 4mm diameter heat shrink sleeving onto the wire and solder
the tinned wire to the LED lead. It is easier if the LED is held
lightly clamped in a vice while this is done. Take care not to
overtighten the vice (or you may crack the LED), and complete
the soldering operation as quickly as possible to avoid heat
damage.

After you have soldered the required number of LEDs
together, connect a wire of about 1 to 2 metres to the last one
remembering to slip on a piece of heat shrink sleeving. Solder
a suitable length of another colour of wire to the first LED so
that the two free ends are about the same length. The length
will of course be determined by the number of LEDs in the
chain, their distance apart and the length of the other lead.
Dark colour wires such as black, green or brown should be
chosen so that they will not be too conspicuous on the
Christmas tree. (Unless, of course, you are illuminating one of
those silver tinsel trees ...)

Once this has been done, a capacitor and diode or diodes
should be connected to the chain as shown in figure 2 or 2a,
or another chain of LEDs connected in inverse parallel. It is
also a good idea to fit resistor R1 across the capacitor to
discharge it when it is disconnected from the mains. The value
is not too important but should be between about 470k and
2M2 to ensure that it does not pass too much current but
does not take too long to discharge the capacitor. Resistor R2
is also a sensible precaution and its purpose is to limit any
initial surge current when the capacitor is discharged. A value
of between 220 ohms and 1k is suitable here with a power
rating of around 0.5 watt depending on the value of the
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Figure 7: the circuit for the microprocessor based Christmas
tree light controller
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capacitor. The chain can now be connected to the mains to
make sure that it lights. Failure of the chain to light will
probably be due to a diode being reversed and if this is found,
the unit should be disconnected and the fault repaired.

Once all the LEDs in the chain light, the heat shrink sleeving
should be pulled over the LED leads and solder joints and
shrunk using a hot air gun. When this has been done, the
wires should be twisted to form one cable. This is best done
by securing one end of the chain (just behind the leads of the
first LED as shown in figure 3 and putting the other into the
chuck of a wheel brace or a very slowly rotating drill. It can
also be done by hand but is a long and boring process.

The wires could be further disguised by including some
tinsel in the chain before it is twisted thus creating an "all in
one" Christmas tree decoration. A tree could then be
decorated quickly by simply hanging up the lights and adding a
few baubles leaving more time to enjoy the festivities!

Do note, however, that mains voltages could be present on
the LED chains, if the neutral connection to any one fails, or in
the case of reversed mains plug connection. Therefore care
should be taken to ensure that the insulation covers all of the
LED wire, and as an extra precaution, if possible, the whole
chain should be slipped into a transparent tube. It would also
be a good safety feature to power this through an RCD safety
trip.

A flash in the pan?
As mentioned, the display could be made more interesting by
connecting a flasher circuit to the chain as shown in figure 4.
This would cause the LEDs to flash at a rate set by the
capacitor C3 and resistors R4 and VR1.

VR1 could be a preset or panel mounted component as
required and connecting two triacs as shown would enable
another LED chain to be flashed alternately. As a flashing

display can become a bit irritating, a switch S1 has been
incorporated to enable the display to be switched from flashing
to continuous mode by continuously triggering the triac when
flashing is not required.

Note that although a half wave circuit is shown here, a triac
can switch on in both directions so that a full wave LED chain
as shown in figure 2a could also be used. Triacs are not often
damaged by high voltage spikes on the mains supply, as they
simply turn on, but if there is sufficent energy in the transient
then damage can occur. This is normally avoided by fitting a
snubber network consisting of a capacitor and series resistor
across the device. Unfortunately, this cannot be done here as
any capacitor connected across the triac would pass sufficient
current to enable the LEDs to light even when the triac was off
and so to prevent damage due to mains transients a Voltage
Dependant Resistor (VDR) which can absorb these may be
fitted between the MT1 and MT2 terminals of the device.
These comments also apply to the other circuits shown here.

Virtually all Christmas tree lights flash and so if something a
bit more "up market" is required, some more sophisticated
electronics will be needed. The use of a CMOS counter such
as the 4017 for example can provide a moving light display as
shown in figure 5 with the speed of the display being controlled
by VR1. Here, each output of the counter goes high in turn
(until output 4 goes high and resets the counter to 0) causing
each triac and LED chain to be lit in turn. By staggering the
chains as shown in figure 6, and twisting them together a
chasing or moving effect can be produced as each group of
LEDs is lit in turn. Instead of running four wires back to neutral,
a single common wire could be used for all four chains. A low
voltage power supply for the counter can be obtained from the
mains by means of a dropper capacitor and zener diode circuit
similar to that shown in figure 4.

If other patterns are required, such as flashing in pairs, etc.,
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Hour counter used 7 digit 240v ac 50Hz £1.45
()WERT), keyboard 58 key good quality switches new

£600
Airpax A82903 -C large stepping motor 14v 7.8 step
27ohm 68mm dia body 6.3mm shaft £8.95 or £200.00
for a box of 30
Polyester capacitors box type 22.5mm lead pitch
0.9uf 250vdc 113p each 14p 100+ 9p 1000-f
1uf 250vdc 20p each, 15p 100+, 10p 1000+
luf 50v bipolar electtlytic axial leads 15p each, 7.5p 100+
0.22uf 250v polyester axial leads 15p each, 7.5p 100+
Polypropylene 1 uf 400vdc (Wima MKP10) 27.5mm
pitch 32x29x17mm case 75p each 609 100.
Philips 123 series solid aluminium axial leads
33uf 10v & 2.2uf 40p each, 25p 100+
Philips 108 series long life 22uf 63v axial 30p each
15p 1000+
Multilayer AVX ceramic capacitors all 5mm pitch 100v
100pf, 150pf, 220pf, 10,000pf (10n) 10p each, 5p
100+, 3.5p 1030.
500pf compression trimmer 60p
40 at 370vac motor start capacitor (dialectrol type
containing no pcbs) £5.95 or £49.50 for 10
Solid carbon resistors very low inductance ideal for
RF circuits
27ohrn 2W, 68ohm 2W 25p each 15p each 100+ we
have a range of 0.25w 0.5w 1w and 2w solid carbon
resistors please send SAE for list
P.C. 400W PSU (Intel part 201035-001) with standard
motherboard and 5 disk drive connectors, fan and
mains inlet/outlet connectors on back and switch on
the side (top for tower case) dims
212x49x149rnrn excluding switch £26.00 each
£138.00 for 6
MX180 Digital multimeter t7 ranges 1000vdc 750vac
2Mohm 200mA transistor Hfe 9v and 1/5v battery test

£9 95
AMD 27256-3 Eproms £2.00 each, £1.25 100+
DIP switch 3PCO 12 pin (ERG SDC-3-023) 60p each
409 100.
Disk drive boxes for 5.25 disk drive with room for a
power supply light grey plastic 67x268x247mm £7.95
or £49.50 for 10
Hand held ultrasonic remote control £3.95
CV2486 gas relay 30 x 10mm die with 3 wire
terminals will also work as a neon light 20p each or
£7.50 per 100
Verbatim R300NH Streamer tape commonly used on
nc machines and printing presses etc. it looks like a
normal cassette with a slot cut out of the top £4.95
each (C3.75 100+)
Heatsmk compound tube 95p
HV3-2405-E5 5-24v 50mA regulator ic 18-264vac
input 8 pin OIL package £3.49 each (100+ £2.25)
LM 555 timer ic 16p, 8 pin DIL socket 6p

All products advertised as new and unused unless
otherwise stated. Wide range of CMOS TTL 74HC,
74F Linear Transistors kits, rechargeable batteries

capacitors tools etc. always in stock.
Please add £1.95 towards P&P, vat inc. in all prices

JPG ELECTRONICS
ETI 276-278 Chatsworth Road,

Chesterfield S40 2BH
Access Visa Orders (01246) 211202 fan 550959

Callers Welcome 9.30am-5.30pm Monday -Saturday
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Figure 8: the component
overlay for the Christmas
tree light controller

diodes could be added to select which triac or triacs will turn
on when a counter output goes high, but all displays of this
type will of course only provide one pattern and using switches
to select different patterns would soon become very
complicated. Realistically, if more than one or two patterns are
required, it is far better to program an eprom with all the
lighting patterns required and simply switch the address lines
to select the pattern required. In this case of course it is just as
easy to program two patterns as twenty-two, and it is then
simply a matter of selecting the required block of memory to
display the required pattern.

The problem with using an eprom is that a clock generator
and counter are still required to cycle through the addresses to
generate each pattern in a sequence resulting in at least three
ics and a few BCD switches to select a particular sequence,
and if other features, for example the automatic selection of a
new sequence after a certain time, are required, even four or
five ics may not be enough. Since the cost of a microcontroller
which contains an eprom is now less than that of most eprom
chips, it makes sense to use one of these devices as no
address counter or other logic will then be required and the
sequences can be selected using only a single push button
offering further savings in the cost of switches etc. Although
not done in this circuit, even a 7 -segment display showing the
"sequence now playing" could be added for very little
additional cost.

Planning for the future
The circuit shown in figure 7 will really bring your Christmas
tree display into the 21st century and if carefully constructed it
could serve your great-grandchildren well into the 22nd,
assuming that Christmas trees have not by then been replaced
by a holographic image projected into the corner of the room
by lasers or something even more exotic.

The patterns are stored in the micro -controller eprom as a
"look up" table and are read out at a rate determined by a
software time delay routine and the mains frequency. This is

basically a register which counts down from a previously
loaded number to zero. The display rate can therefore be
varied by changing the number which is initially loaded into the
register. A larger number will take longer to decrement to zero
and will therefore result in a slower speed while a smaller initial
number will give a faster speed. The program has been
arranged so that pressing either of the two push -to -make
switches S1 and S2 will enable the speed to be set thus
eliminating the need for the more usual potentiometer.

Switch S3 when pressed, will cause the next pattern stored
to be displayed while S4 functions as a mode switch. When
the circuit is first switched on, MODE 0 is selected which
continuously flashes all outputs on and off and is the first
pattern stored and this will be displayed indefinitely or until S3
is pressed to advance the display to the next pattern which
causes the LED chains to flash in pairs. Pressing S3
repeatedly, enables any of the 8 display patterns stored to be
selected for continuous display.

Pressing S4 will select MODE 1 which will display each
pattern 32 times before automatically advancing to the next
pattern. This will continue until the eighth pattern has been
displayed when the first pattern will again be selected and the
process repeated indefinitely. Pressing S4 repeatedly will select
MODE 2, MODE 3, MODE 4, MODE 5 and MODE 6 in turn
which will switch outputs 1, 2, 3, 4 or all on continuously. Thus
by connecting all the red lamps to output 1, all green ones to
output 2 and so on, the colour of the display can be changed
from red to green etc. or all colours. Pressing S4 again will
select MODE 0 again.

The use of a microcontroller means that the circuit is
relatively simple. The mains input is fed to input port B4 by a
simple resistive dropper consisting of R20 and R21 and this is
used as the time base to determine the display speed. The
internal input protection diodes on this input serve to clamp the
input voltage to within 0.5 Volts of chip supply voltage thus
preventing damage. The circuit operates from a nominal 4 Volt
supply derived from the mains by capacitor C1 and associated
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components R1, R2, D1, D2 and C2 while the triacs are driven
directly by ports B0 -B3 which are configured as outputs.
Because triacs are more sensitive to negative trigger currents,
the circuit operates from a negative supply and the outputs
switch to -4 volts to trigger the devices. The trigger current is
limited to around 5mA by resistors R8 to R11.

The mains droppers for the LED lamps have been included
on the printed circuit board and are labelled C4 to C7 on the

circuit diagram, but the reverse protection diodes or bridge
rectifiers have to be mounted "off the board". All the other
functions are controlled by the microcontroller which operates
from an on chip clock oscillator running at a frequency
determined by resistor R7 and capacitor C3.

Construction and testing
A suitable printed circuit layout for this circuit is shown in figure
8 and should be followed carefully. Note that mains voltages
exist on the board during operation and the circuit should
ALWAYS be switched off and disconnected from the supply
before any adjustment or soldering is attempted. The circuit
must not be earthed under any circumstances as serious
damage to components will occur. The only components
which need special mention are the "mains dropper"
capacitors which must of course be rated for use on 240V ac
supplies, and the triacs which should have a minimum rating of

400V and a maximum trigger current requirement of 5mA.
Normal precautions should be taken in handling the

components, especially the microcontroller which is a CMOS
device and therefore static sensitive. The use of a socket for
this component is therefore strongly recommended. The
completed circuit may be housed in a suitable plastic box with

a lead terminated in a mains plug fitted with a 2A fuse. The
LED strings need not be plugged into the box but may be
permanently soldered into place and brought out of the box via

a strain relief bush to prevent them being pulled from the circuit

board.
Once construction is complete, check your work carefully.

Remember that we are dealing here with mains voltages and
an incorrect connection could easily result in the instant
destruction of your circuit. Once you are satisfied that all is
correct, and with the ic removed from its socket, plug the unit

into the mains and carefully measure the voltage between pins

5 and 14 of the IC socket. A reading of about 4 volts dc
should be obtained with pin 5 being negative. Note also that all

LEDs should remain off. If all is well, disconnect the unit from

the mains and depress one of the switches for a few seconds
to discharge C2 and then plug the ic into its socket. Plug the

unit into the mains and this time the outputs should flash.
Press switches S3 and S4 and check that they function
correctly. As all the functions are controlled by the program, no
setting up is required.

Other applications
Finally, for those who do not relish the prospect of wiring up
strings of LEDs, it should be realised that the circuit can also
drive four sets of conventional tree lights or even ordinary
mains lamps in applications such as discos or if your tree
happens to be as large as the one in Trafalgar Square. In this

case, the capacitors, resistors and diode associated with each

LED string should be omitted and the lamps connected directly

to the MT2 terminal on each triac. For LEDs or small Christmas

Tree lights, no heatsinks on the triacs are required but if the

load on each triac exceeds about 300W, heatsinks should be

provided and the use of isolated tab triacs will simplify this

considerably. Note that the TIC206D specified for this project
do not have isolated tabs and will require insulating washers if
a common heatsink is to be used.

One problem which is encountered especially when driving
higher powered lamps (resistive loads) is the radio interference
generated, and this normally requires the use of expensive and
bulky chokes and capacitors to suppress. In case filament
lamps are to be used in place of LEDs, a special routine has
been programmed into the micro -controller memory to allow the
triacs to switch on only during the mains zero crossing (Zero
Voltage Switching), eliminating interference. This also has the
added advantage of lowering the initial inrush current to the
lamps when they are switched on which results in an extended

lamp life.

The zero level switching leads to an interesting consequence
when LEDs are used. Although, on the face of it, one might
expect the phase shift caused by the capacitive current limiting
to cause the triggering to occur at the mains peak, in fact, if the

capacitors are discharged by their parallel resistors between
flashes, then the zero level switching will be effective in reducing
the inherently lower interference associated with lower current

LED switching.

Resistors
R1

R2, R12-15
R3 -R7

R8 -R11, R16 -R19

R20, R21

Capacitors
C1

C2

C3

C4 -C7

470R 1W

1M

10K

220R

2M2

470nF/250V ac
470uF/16V
100pF
220nF 250V acg

Semiconductors
D1

D2-6
Q1-04
IC1

BZX85C4V7 Zener diode

1N4148 diode
TIC206D triac
PIC16C54-4L
Pre-programmed
Microcontroller

Miscellaneous
S1S1-S4 Push to make switches, 5 x 2 -way

PCB mounting screw terminal blocks, printed
circuit board, 18 pin DIL socket, plastic box with
sufficient room for cooling..

The pre-programmed PIC16C54-4L
Microcontroller is available from the author at
£9.50 (including postage). Please send cheques
or postal orders to: B. Trepak, 20 The Avenue,
London W13 8PH. Mail Order only. Overseas
orders must include payment in pounds Sterling
with a banker's draft drawn on a British bank.

We will consider printing the program listing of
approximately 270 lines for the 4 -way XMAS tree
lights controller in a future ETI if there is sufficient
demand for a listing to be printed rather than
obtained as a programmed PIC from the author.
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Cable Break Locator
Why write off another cable? Robert Penfold's electronic cable tester lelps to

locate the break and recycle the cable.

ost cable testers are just continuity checkers,
customised to make it easy to test a particular
type of cable, or perhaps several different types
of cable. A signal is coupled into each wire in the
cable, and a check is made to determine whether

or not each signal emerges at the other end. If a signal is

absent, the corresponding wire is broken and the cable is

faulty.
This type of tester is all right as far as it goes, but it has the

drawback that it tells you if the cable is broken, but gives no
idea as to whether it is worth trying to mend it, or any clue
about the best way to set about mending it. With the majority
of broken cables the problem is due to repeated flexing of the
cable close to one of the plugs. This eventually results in one
of the conductors breaking due to metal fatigue. This leaves
the majority of the cable intact, and still useable.

To fix the cable it is only necessary to disconnect the plug,
shorten the cable at the damaged end, and reconnect the
plug. If the plug is a moulded -on type, it must be cut off with
the damaged cable and replaced with a new plug. But
sometimes the cable is damaged towards the middle, and it is
then beyond rescue. Provided the plugs are not moulded -on
types they can be removed and used on a new piece of cable,
but there is little point in trying to reuse the cable itself.

Sniffing Around
A cable tester would be more useful if it could indicate the position
of the break. It is possible to produce a simple tester that will do this
with many kinds of cable, but screened leads are not always
amenable to this type of testing. The cable tester featured here is a
form of break locator rather than a simple continuity style cable

checker.
The block diagram of figure 1 helps to illustrate the way in which

this cable tester operates. An audio oscillator generates a signal that
is fed into one end of the wire. The rest of the unit consists of an
audio "sniffer" which can detect the audio signal radiated by the
cable without making any direct connection to it. The sensor is just

a piece of screened lead with a short section of the outer sleeving
and screening removed from one end. This gives a small amount of
capacitance between the end of the sensor cable and the cable
under test, but provided the two are close together this is sufficient
to couple a small amount of the audio tone signal into the sensor.

The impedance from the test cable to the sensor is very high at
the operating frequency of the oscillator, which is a little over 1kHz.
An extremely high input impedance is needed in order to obtain an
adequate coupling into the "sniffer" circuit. A high impedance buffer
stage is therefore used at the input of the circuit, providing an input

impedance of 10 megohms.
The high sensitivity of the circuit leaves it vulnerable to strong

Figurel: the block diagram of the cable tester

AUDIO
OSCILLATOR

SCREENED
LEAD

HIGH Z
BUFFER

ra2 1-
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Figure 2: capacitance in a multi -way cable bypasses the break in the wire (top).
Earthing the other wires avoids this (bottom). El

pickup of 50Hz mains hum. This would probably not be severe
enough to prevent the unit from working, but it could make it difficult
to use. A lowpass filter is therefore used to attenuate signals below
1kHz, and this gives over 80dB of attenuation at 50Hz. An amplifier
stage boosts the sensitivity of the circuit to a level that gives good
results with a crystal earphone (marked "phone" in the
photographs).

In use the tip of the sensor lead is run along the cable, starting at
the end where the audio signal is injected. Initially a strong audio

signal should be obtained, but at some point the signal will be lost.
This point is usually well defined, and it indicates the position of the
break in the wire.

Bypassing
In practice there is usually a problem with this basic method of
testing, due to the fact that most cables have two or more wires.
Capacitance between the wires in the cable tends to "hide" the
break. The upper diagram in figure 2 helps to explain the problem.
The cable has three wires, with a break in the
middle wire ("Wire 2"). There is capacitance

from this wire to the other two along the full

length of the cable. This is analogous to having
numerous tiny capacitors connected between
the wires at intervals along the cable.

If a signal is injected at one end of "Wire 2",

it is coupled around the break in this wire by
the capacitance in the cable. The coupling to
the far section of the cable is weak, but it has
to be remembered that the coupling to the
sensor lead is via a minute amount of

capacitance. The capacitance between the
wires in the lead will be far higher than the

capacitance from the broken wire to the
sensor lead. In practice there will be a small
drop in the signal level as the sensor is taken
past the break in the wire, but it is likely to be
so small as to be barely discernible.

Fortunately, there is an easy solution to this
problem, which is to earth all the leads in the
cable apart from the one that is being tested,
as shown in the lower illustration of figure 2.

This cuts off the coupling to the far end of the

RTH

broken wire, and also prevents the other wires from coupling the
test signal into the sensor lead. This gives a clear drop in the level of
the audio tone as the sensor is taken past the break - as well
defined as when testing a cable which contains a single wire.

Unfortunately, screened cables are more difficult to deal with than
ribbon cables and other multi -way non -screened types. There is no
difficulty in testing the outer conductor using the standard technique,
but it is difficult to test the inner conductor (or conductors). The

problem is simply that the screen is designed to prevent signals
from getting in or out of the cable, and this it does very well. This
makes it impractical to test the inner conductor using the standard
technique.

Nevertheless, this tester can still be used to locate damage in

some screened cables. Even if the break in continuity is through one
or more of the inner conductors, the outer braiding often suffers
some damage as well. This lets some of the signal from the inner
conductor leak through to the outside world. Screened cables can
therefore be tested by coupling the audio signal into the inner
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conductors, and then "sniffing" along the length of the cable in

search of some "leaked" audio tone. This method can not be
guaranteed to work in every case, but it often seems to "deliver the

goods."

The Circuit
The circuit diagram for the cable tester appears in figure 3. The
audio oscillator is based on 101, which is a low power 555 timer
used in the standard astable mode. The specified timing component
values give a virtually squarewave output at a typical frequency of
1.1kHz. R3 is a protection resistor which is connected in series with
the output signal. It is likely that accidental short circuits will occur at
the output from time to time, and R3 limits the output short-circuit
current to a safe level. Its value is too low to have any significant

effect in normal use.
IC2 is used as the basis of the buffer amplifier at the input of the

"sniffer" circuit. This is a simple non -inverting buffer stage having its
input impedance set at 10 megohms by input bias resistor R6. The

buffer stage feeds into a conventional fourth order (24dB per octave)
high pass filter based on IC3a. The filter's cutoff frequency is
approximately 1kHz, so it gives no significant attenuation at the
frequency of the test tone. It gives massive attenuation at the
problem frequency of 50, but mains hum contains harmonics at
higher frequencies (100Hz, 150Hz, etc.). Consequently, the output
signal from the "sniffer" circuit might not be completely free from
mains hum, but any mains -borne interference should be at a very

low level.

Figure 3: the full circuit of the cable tester

IC3b is used in the output
amplifier, and this is a non -inverting

circuit having its voltage gain set at
just under 50 (34dB) by R12 and
R13. C9 couples the output signal to
the earphone socket, but it is not
strictly necessary if the unit is used

with a crystal earphone. It is mainly
included as a safety measure to
protect IC3b if a low impedance
earphone is connected to SK3. The
unit is unlikely to provide worthwhile

results if used with a low impedance
earphone, since theme have very low

sensitivities. It will work reasonably

well with most medium impedance
(personal stereo type) headphones if
the two phones are wired in series.
The sensitivity might be a bit high, but

this can be corrected by reducing
R12 to a value of about 15k.

The current consumption of the
circuit is only about five milliamps or so. A PP3 size nine volt battery
is therefore adequate to power the unit, even if it is likely to receive a

great deal of use.

Construction
Refer to figure 4 for the component layout. None of the ics are static
sensitive, but I would still urge the use of holders. Note that 101 is
correctly shown as having the opposite orientation to the other two

devices.
The capacitors must be the correct types or it will be difficult to fit

them into this layout, if they can be used at all. The electrolytic
capacitors must be miniature radial type. Be careful to fit them with

the correct polarity. The polyester capacitors must be miniature
printed circuit mounting types with a lead spacing of 5 mm or 0.2

inches.

Once all the components have been fitted, complete the board
by adding single -sided solder pins to the remaining connection
points. Tin the tops of the pins with plenty of solder, and it should

then be easy to make connections to them.
A metal instrument case measuring about 152 by 114 by 44

millimetres was used as the housing for the prototype, but this is
substantially larger than strictly necessary. A metal case is preferable

to plastic, since it provides screening of the sensitive "sniffer"
circuitry, and helps to minimise pickup of mains hum and other

electrical interference.
A small amount of breakthrough from the oscillator to the

"sniffer" circuit is inevitable, but a good front panel layout will help to
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Figure 4: the component overlay for the PCB
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keep it to a minimum. Choose a layout that keeps SK1 and SK2
reasonably well separated, and avoids crossed- over wires. Use an
overall layout the enables the wiring from the front panel

components to the printed circuit board to be kept reasonably
short.

See figure 5 for details of the point-to-point wiring. Point "A" in
figure 4 connects to point "A" in figure 5, and so on. The lead which
connects SK2 to the board must be a screened type, or there will
certainly be excessive stray pickup of the oscillator signal. Using a
screened lead from SK1 to the board is not essential, but helps to
minimise oscillator breakthrough.

Two test leads are needed in order to use the tester. The sensor
lead connects to SK2, and it consists of about 0.5 metres or so of
good quality screened audio cable. A phono plug is fitted to the lead
at one end, and about 10 mm of the outer sheath and screen are
removed from the other end to produce the sensor.

The oscillator test lead consists of a phono plug with about 0.5
metres of multi -strand connecting wire fitted to the centre (non -
earth) tag. The other end of the lead is fitted with a miniature
crocodile clip or a probe clip so that it can be easily connected to
the lead under test. The earth tag of the plug should be connected
to at least two leads and clips, so that the wires in a mutti-way cable
that are not being tested can be earthed to the chassis of the tester.

Figure 5: the wiring to the on/off switch and sockets
A B D C F E G H

SK1 SK3 SK2 S1

In use
When the unit is switched on there should be a small amount of
background hiss from the earphone, plus a quiet audio tone which
is the breakthrough from the oscillator. If the noise and (or) audio
tone are absent, switch off immediately and recheck the wiring, etc.
Assuming all is well, place the "hot" end of the sensor lead close to
the non -earth output lead connected to SKI. The tone should
become much louder when the sensor is placed near the lead
carrying the oscillator signal.

It is then just a matter of applying the test techniques described
in this article. With multi -way leads remember to earth any wires

other than the one being tested. Inject the oscillator signal into the
inner conductor or conductors when testing screened leads. Then
earth the screen and check for signal "leaks" using the sensor. It is a
good idea to deliberately damage a few scrap pieces of lead so that
you can get some practice before trying the "real thing." When
testing "real world" leads it is generally easier to connect the unit to
the leads via the appropriate types of socket, rather than trying to
make connections direct to the pins of the plugs fitted to the leads.
The sockets usually have reasonably large and well separated tags
to which the test clips can be attached without too much difficulty.
Making connections direct to the plugs is usually very tricky,
especially with most DIN types.

Resistors (all 0.25 watt 5%
carbon film)
R1
R2
R3
R4,R5
R6
R7,R9
R8
810,811,1112
R13

Capacitors
C1
C2
C3
C4,C5,C6,C7
C8
C9

56k
270k
1k
10k (2 off)
10M
6k8
15k
100k (3 off)
2k2

100u 10V radial elect
2n2 polyester
10u 25V radial elect
22n polyester (4 off)
1u 50V radial elect
47u 25V radial elect

Semiconductors
IC1 Ts55.5CN
IC2 TL071CP
IC3 TLO72CP

Miscellaneous
S1 SPST min toggle switch
SK1 ,SK2 Phono socket (2 off)
SK3 3.5mm jack socket
B1 9 volt (PP3 size)

Small metal instrument case, printed circuit board,
battery
connector, &pin DIL holder (3 off), crystal earphone
with 3.5mm
jack plug, test leads (see text), wire, solder, etc.
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The Low Cost Controller ...-
That's Easy To Use

4,

The K-307 Module provides the features
required for most embedded applications

4 Channels in 1 Channel out
36 Digital in or out & Timers
RS -232 or RS -485 plus I2C
LCD both text and graphics
Upto 8 x 8 matrix keyboard
> 2Mbytes available on board
Many modes to choose from

The PC Starter Pack provides the quickest method
to get your application up & running
Operating System Real Time Multi Tasking
Languages ' C , Modula-2 and Assembler
Expansion Easy to expand to a wide range

of peripheral cards

Real Time Calendar Clock, Battery Back Up,
Watch Dog, Power Fail Detect, STE I/O Bus,
8051 interface, 68000 and PC Interface

Cambridge Microprocessor
Systems Limited

r \II
eUnits 17fo-rd18RZoaodneil'idD'j Est
Great Dunmow Essex CM6 1XG
E-mail cms@dial.pipex.com

Phone 01 371 875 644

Book of Electronics

An introduction to electronics that clearly exp
the theory and principles involved. Each chie

includes a project to make. Projects include
loudspeaker divider, continuity tester, min

amplifier, a burglar alarm and mo

P&P + 10% (minimum £1).

+ 20% (minimum £2).
Telephone orders (01442) 66551

I enclose my remittance of Please make cheques payable to Bailey
Distribution and send to the address below.

Please
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Mountfield Road Industrial Estate, New Romney, Kent. TN28 8XU
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Glallt
Musical
Bargraph

Now you can have 100 LEDs to play along with your 76 trombones. Paul Brow's
bargraph display is bigger than some people's hifi - and comes in two sizes.

M
any of us can remember the old needle type VU
meters, prolific on hifi tape decks and some
amplifiers in the 1970s. They virtually disappeared
because of the high cost and the introduction of
solid state LED bar graph displays. Being

fascinated with the new technology, I modified an amplifier in
1977, fitting two 10 -bar LED displays as power meters. As bar
graph ics were not available, the 10 -driver channels were made

from three quad op amps and a reference ladder of resistors -
a high component count for a simple display. Today, all modern
tape decks, mini hifi units, equalisers and some amplifiers are
fitted with a variety of bar graph displays using custom drivers
ics, and displays such as LED, LCD, and fluorescent. The
displays are configured most commonly as stacked bars or
blocks, and all perform the same basic function of showing
signal level, overall or at particular frequencies. We have also all

PL4
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10u

RV1

100k

AUDIO INPUT

Figure 1: the circuit of the audio input, AGC and inverter and inverting buffer
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Figure 2: the circuit of the low pass filter, high pass filter and diode pump
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Figure 3: the circuit of the bargraph driver - basic 20mA per
output version
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Figure 4: capacitor values for alternative frequencies

Frequency Cx C6, C8, C10, C12 C7. CO. C11, C13

50Hz 212n 100n 100n

100Hz 106n 100n -
200Hz 53n 47n 4n7

500Hz 21n 22n -
1kHz 10n 10n -
2kHz 5n3 4n7 470p

4kHz 2n6 2n2 470p

8kHz 1n3 1n 330p

16kHz 660p 560p 100p

C= 1

2 n Rf

C (nF) = 1'000'000

6.28 x 15 xf

seen sound to light units, so I wondered how effective a
combination of these would be - hence this project, a giant
sound -to -light driven LED bargraph.

Modern audio equipment uses anything from five simple
LEDs to ten or twenty individual segments. The display is large
and I didn't want the discrete steps to be noticeable so I
decided that 20 separate bars of 5 giant 10mm LEDs would
be effective. More on the display design later.

I have designed the control circuit, figures 1 to 3, to give the
most pleasing and effective display. Music content can vary
wildly, so displaying different types would require some control
adjustment. Enter automatic gain control (AGC), which
produces a fully effective display with loud or quiet music. This
means, of course, that the display is no good as a true VU
meter, as the combination of automatic gain control and linear
display driver ics makes the actual levels meaningless.

Figure 5: the component layout of the 20mA version
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Remember, this has been designed to be the most effective
and entertaining display. I tried LOG and LOG/LIN display
driver ics, but they were not effective visually. However, if you
are curious (and have some expensive LOG driver ics lying
around), try changing the LM3914 driver ics for LM3915, or
even an LM3916, and check the result for yourself.

My preferred frequency range for display purposes is bass
between 50 and 100Hz. However, this may not be everyone's
choice so the control circuit is designed with active filters that
can be configured for any frequency in the audio spectrum.
This also means it is feasible for adventurous types to build a
giant spectrum analyser display with seven to ten bar graph
units - but we are getting carried away. Even so, figure 4
shows component values required for different frequencies.

Two versions
The circuit diagram shows two capacitors paralleled in each of
the four filter capacitor locations, C6 to C13. Two capacitors
can be combined to create the required value for a specific
filter frequency. For 50Hz, an overall value of about 212nF is
required so you could fit a 220nF capacitor in location C6 and
forget about C7. Alternatively, you can fit a 100nF capacitor in
location C6 and another in C7 to produce a total of 200nF,
close enough for this purpose. The same applies to C8
through C13. Figure 4 shows some typical frequencies, and
the overall value of capacitance that would need to result from
each pair of filter capacitors. Figure 4 also gives the formula for
calculating the overall filter capacitance for any frequency. The
most common frequency arrangement for multiple displays like
spectrum analysers is one bar for each octave. Alternatively,
you could select frequencies that display bass, middle, and
treble for a triple bargraph display. I leave this to the
constructor's preference (and pocket depth), but you can
choose various options.

I have included details of two slightly different board
versions. The basic unit has a lower current drive capability,
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-12V

+12V
OV

OV

OV

+12V TO +18.5V
+12V TO +.18.5V

Figure 6: the component layout of the high current version
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(SEE TEXT)

OPTIONAL
POTENTIOMETER

(SEE TEXT)

OV

INPUT

perfectly adequate for LEDs but not for lamps or for multiple
LED displays. The high current version includes transistor
drivers that are rated at 500mA maximum per channel (as long
as they have a suitably hefty power supply) for driving filament
lamps or other custom displays of your own design.

The main project concentrates on the 20mA per channel
version, driving 100 large LEDs. The parts list shows the
additional parts required for the high current version. PCB
layouts have been included for both versions.

The circuit
101 performs the automatic gain control and filtering. The audio

signal, taken from the record output socket on
an amplifier, for example, is input through DC
blocking capacitor C1 to potential divider VR1.
This allows input level matching, which is then
normally left alone. C2 is a simple first order
high frequency filter to eliminate possible
interference. 101a combined with Q1 forms an
automatic gain control whose output is
maintained at 1.5V to 2.8V over a much wider
range of input signal levels, typically 10mV to
500mV. C3 and C4 set the auto gain time
constant such that it still responds to the
changes in the audio while being able to amplify
small signals dramatically.

Effectively 01 behaves like a voltage
controlled resistor in the op amp negative
feedback loop. The FET's resistance is low (high
gain) for small audio signals and its resistance is
high (low gain) for large audio signal levels. The
auto gain amplifier output then, via R7, drives an
inverting buffer amplifier formed by 101b. The
buffer has variable gain for set-up purposes but
only from unity gain to times two. The gain can
increased if necessary by making VR2 47K or
even 100K. C5 is a simple high frequency filter
to limit high frequency interference. The inverting
buffer then drives the active filters.

IC1c forms a second order Butterworth
response low pass filter and 101d forms a
complementary high pass filter at the same
frequency which overall forms a narrow band
pass filter, with a response curve as shown in
figure 14. The default values for C6 to C13 of
100nF create a 50Hz narrow band pass filter
with steep roll offs either side of 12dB per
octave. R11 and R12 set the filter gain (similarly
R15 and R16), hence the Butterworth response.
After all the frequencies except those around
50Hz have been rejected, the resulting signal is
rectified and converted into a pulsating DC level
formed by the diode pump arrangement of D2,

D3, C14 and R22. C14 and R22 set the display decay time
constant, that is, they increase the value of C14 for a slower
decay.

The diode pump then drives the two linear bar graph ics.
These are cascade arranged such that IC3 forms the lowest
ten bar segments and IC2 forms the upper ten segments. The
zener diodes D4 and D5 form voltage references for the IC
internal resistor divider chains, where the junction of D4/D5 is
the HI reference for IC3 and also the LO reference for IC2. This
creates a seamless transition where the signal level crosses
from one driver is to the other. The LO reference of IC3 is set
slightly above OV at 0.6V with D6 to prevent the bar graph

Figure 7: side view of the PCB build
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Figure 8: dimensions for the case cut-out for the D connector

k

108mm

47

36mm

Figure 9: cable wiring chart

3 -PIN DIN SOCKET 8 -WAY MOLEX SOCKET
SK7

PIN30

PIN20

PIN 1 0

SK1

+12V RED
0 PIN 1

OV

-12V

LOOP

BLACK
0 PIN 5

BLUE 0 PIN 8

o PIN 2

o PIN 6

NOT USED 0 PIN 3

NOT USED 0 PIN 4

NOT USED 0 PIN 7

responding to system noise such as hiss or rumble. Both ics
respond to about 4.4V making a total of about 8.8V required
from the
R19 set the drive current maximum to about 20mA per output
and R17 provides the bias current for the zener diodes.
Current limit resistors R23 to R42 are not strictly necessary but
provide protection in fault conditions, incorrect wiring or during
testing.

In the high current version, the bar graph drivers IC2 and
IC3 drive Darlington transistor arrays. SIL and DIL resistor
packs are used to simplify the design (see figure 15). Q2 to
Q21 convert the negative going signal to positive going to drive
the transistor arrays IC4 and IC5. These are then capable of
driving more LEDs or filament lamps.

Construction
The low current version is
cheaper to build.
Experimenters should build
the high current version just
in case. The main board is
very straightforward. Insert
all the physically smaller
components first: wire links,
resistors, is sockets, SIL
resistors, transistors, and
then all the odd shaped
components like capacitors,
potentiometers and
connectors. Fit the 25 -way
D connector last, but make
sure that your PCB is
trimmed such that the edge
does not protrude beyond

the edge of the D
connector, as the
connector barrel needs to
stick out of the plastic
case.

The 3 way Molex pin
connectors and pre-set
potentiometers are
designed to be mutually
exclusive. Fit the pre-set
potentiometers VR1 and
VR2 and omit the 3 way
Molex pins if on board
adjustment is required. Fit
the 3 way Molex pins, omit
the pre-set potentiometers
and connect standard
potentiometers to the
Molex connectors if
external adjustment is
required. As regular
adjustment is not required,
I drilled two 4mm holes in
the case top to gain access
to the pre-set
potentiometers for
occasional adjustment.

Note the ZTX500s!
The majority of the
additional components for
the high current version fit

component overlay but the
L I X500 transistors Q2 to
Q21 warrant a special
mention. The L I X500 was
chosen because its
physical size makes it easy
to stack in a line to suit the
spacing of the driver ics.
This would have been
perfect if the transistor pin
out had been Base Emitter
Collector to suit the way it

Figure 11: the display PCB spacer fitting

M3 14mm THREADED SPACER

M3 6mm SCREW

A

15mm

10mm LED

Figure 10: LED display
component layout. FIVE
identical modules as shown are
required - increase the part
numbers for four more PCBs.
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Figure 12: the output socket pin configuration
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is connected but I could not find a commonly available
transistor with the package style and pin out. The ZTX500 is
Emitter Base Collector causing component layout problems.
This was overcome by not fitting the Emitter leg through the
PCB but connecting it to a bus wire on the component side
instead. This keeps the layout design compact. The bus wire is
really a long wire link with two support wires in the middle. See
the component overlay, figure 6 and component side view,
figure 7.

The Maplin case specified will fit both versions, and is easy
to drill and file. The main difficulty is determining the exact
position for the D connector cutout (see figure 8). When the
cutout has been formed, attach the plastic end to the D
connector - you will have to countersink the mounting holes
slightly so that the UNC spacers do not protrude too far. Test
fit this and the PCB to the case lower half and mark through
the PCB holes. Drill and fit M3 12mm CSK screws with double
nuts to act as 4mm PCB spacers. The other case end cap
needs a 3 pin DIN socket (SK7) and a single chassis mount

Figure 13: the LED display
wiring (part only shown) -

connect wiring on copper side

phono socket (SK8)
mounting but positioning is
not critical. Wire the 3 pin
DIN socket SK7 to the 8 way
Molex socket as shown in
figure 9. Wire the phono
socket with about 160mm of
screened wire to a 2 way
Molex socket (SK4). Make
sure the cable screen
connects to PL4 OV pin as
shown on the component
overlay in figure 5 or figure 6.

The construction of the
bar graph display requires
some accurate drilling but is
more or less straight forward.
Obtain a length of white
electrical plastic trunking
38mm by 24mm by 1.5m.
Remove the trunking top and
place to one side - this will
actually be used as the
bottom of the display. Mark
100 hole positions all exactly
0.5 inch apart, centrally along
the length of the trunking U
section. Start approximately
120mm from one end. Sorry
about the mixed
measurement units, but the
LED spacing is determined
by the PCB imperial design
grid. Carefully drill 100 holes
of 10mm diameter. I used a
bench mounted sheet metal
punch, giving excellent
results but slow drilling and
careful de -burring is perfectly
acceptable. At one end of
the trunking make a cut out
to accept a 25 way chassis
mounting D connector. The
trunking is now ready to
accept the five identical
display PCBs.

Display PCB
construction
It is extremely difficult to etch
a PCB 1.2 metres long! So
the display is actually made
up of five separate PCBs.
Although the component
numbers are listed as though
it is one giant board, the five
boards are all identically
assembled and the resistors
are all the same value. Insert
R23 to R42 and then fit the

. 100 LEDs flat to the board.

LINK

LINK

ll

2

+12V

14<<-
0 00
0 0-

0
0
0
0
0
00

0 0
25 00 13

REFER TO FIG .1
FOR REMAINING
WIRE DETAILS
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Figure 14: filter response at 1 kHz
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Figure 15: alternative high current driver circuit (see text) -
example of one 500mA output
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The board of the 20mA version of the Bargraph

Ensure that the cathode leads all face the same direction as
shown in figure 10. A 15mm spacer must then be fitted on the
copper track side into the four holes per board - the spacer
rests against the trunking lid (now display back) to prevent the
LEDs being pushed inside the trunking. The 15mm spacers
can be formed by using Maplin 14mm M3 threaded spacers

and adding two or three
washers (figure 11). Maplin sell
insulated spacers with brass
inserts of exactly 15mm but
they are much more expensive
(25p each) than the 11p 4mm
type.

Insert the assembled
display PCBs into the drilled
trunking and then solder an 18
SWG tinned copper wire link
from one board to another
onto the wide +12V track (see
photograph). Fit the 25 way D
connector and then hard wire
each pin connection to the

F1

S1 T315mA
T1 OV

BRI

240V AC

12V

OV

12V

Figure 16: the circuit of the power supply unit
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023
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Part of the wiring of the five bargraph Light Unit
boards, showing connector
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Figure 17: the power supply component layout

TRANSFORMER HOLES 1.6mm
FUSE HOLES 1.3mm
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2V
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C21  +

3mm E
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display PCBs according to figure 12 and figure 13. I used rainbow
ribbon cable to keep the wiring together. Carefully enclose all the
wires and clip the 'lid' onto the trunking. You can test each segment
by temporarily connecting a 12V supply, +12V to the pin 20 of SK6
and then touch the OV supply to the appropriate D connector pin to
illuminate a segment.

R23 to R42 are fitted as current limit protection so do not apply
a supply volta - directly to the LEDs as this will destroy them.

Set-up and testing
If everything has been inserted into the main PCB the correct
way round, of the correct value, and your soldering is of
reasonable quality, then it should work first time. Connect the
bargraph display to the main board using a 25 -way fully
connected male to male D connector lead. Make sure the
lead is the type where pin 1 connects to pin 1, and similarly
for all the remaining pins. It is less hassle (and cheaper) to

The high current
bargraph - socket
end of the board

9E1r6

el 03

is

cllf: to(
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Figure 18a: mounting a switch in the PSU box
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32mm

4Omm

buy a lead rather than make it yourself. The Rapid Electronics
lead specified in the parts list is only £5.40. Connect the
audio input to any standard line output, for example, a tape
deck output or amplifier record output. You might need to
make a phono Y splitter cable (okay as the loading is
minimal), if you use an occupied record output from a hifi
amplifier.

Although not designed as such, you can drive the bar
graph circuit direct from speaker outputs, but to do this you
must fit a 100K resistor in series in the signal input line. Due
to the varying listening levels with speakers, regular
adjustment of VR1 will be required.

Set VR1 fully off (anticlockwise) and VR2 to about mid
point. Now gradually increase VR1, with a typical music
signal, until the display is pulsating to your taste. The best
effect is where the display pulsates from about 30% to
90%. Adjust VR2 for more gain if the signal level is too low.
You can view the LED display directly or use the reflected
light to good effect. The LED light output is very bright so
the display looks impressive when hidden from direct
viewing so that the light output is reflected off a nearby
surface. If someone does build a giant multi -frequency
spectrum analyser version, drop me a line or send me a
video - it will be great to see one in action.

Power supply for the basic version
The power supply for the low current version is shown in
figure 16. This will also be suitable for the high current
version if you use the display as detailed, but you will need
to add a high current supply (which I have left for you to
design) to PL4 pins 1 and 2 if driving filament lamps, and
break the loop going from PL4 pins 2 and 6.

The PSU circuit
The power supply, as shown in figure 16, is a standard split
rail design but with quite high value capacitors. 240V AC
mains is transformed down to two 12V AC secondaries.
These are arranged to provided a centre tapped supply and
then full wave rectified by BR1. C19 to C23 are reservoir
capacitors. The +17V and -17V smoothed DC from BR1,
C19, C20 and C23 is regulated to plus and minus 12V by

Figure 18b: the PSU mains switch wiring

MAINS SUPPLY
CABLE

WA*le.4.
NEUTRAL

SWITCHED LIVE

PSU PCB

Q22 and 023 respectively. C21 and C22 provide additional
reservoirs for the +12V supply.

Should you find that the -12V regulator (the 79L12)
oscillates, you can add a 10uF capacitor to its out put, but
this should not normally be necessary.

Power supply construction
Q22 can be a standard 1A 7812 regulator but the 2A
78S12 performed better on test. C19 to C22 should not be
physically larger than 17mm diameter or 30mm high due to
the fairly limited space. Following figure 17, firstly, solder the
five Veropins, BR1, Q23, and fuse holder into the PCB.
Then insert and solder C19 to C23 flat to the PCB. Attach
Q22 to the heatsink with an M3 6mm screw and nut (an
insulator is not required) and solder the assembly into the
PCB with the heatsink flat to the board. If you have a hot
glue gun handy, drop a few blobs of glue around the
heatsink to secure it to the board. Finally, fit and solder the
mains transformer T1 flat to the board, and attach the
appropriate cables to the Veropins.

If the specified case and parts are used. no earth
connection is required as the unit will be double insulated,
so only 2 -core mains cable will be needed. The integral
On/Off switch is optional but if fitted, ensure it is fitted as
shown in figure 18 due to space restriction and to avoid
contact with other components. Use heat shrink or rubber
sleeving on the switch connections and fit the plastic fuse
cover to avoid mishaps with mains voltages. Please use
cable grommets and don't knot the cable to prevent it being
pulled - use a proper clamp or tight plastic cable tie. Only two
of the three case mounting points are used and I added a
20mm square self adhesive foot, cut in half, fitted under the
PCB (directly under the transformer) for added support. Use
number 4 by 10mm self tap screws to secure the board to the
case. The 12V DC supply cable used was actually a length of
three core 3A mains cable attached to a 3 pin DIN plug.
Ensure that pin 1 connects to -12V, pin 2 to OV and pin 3 to
+12V to conform with the component overlay and circuit
diagrams. The usual care should be exercised when building
and testing mains operated circuitry - ideally by using a mains
isolating transformer while the power supply unit is open.
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Resistors (all 0.25W unless
specified)
R1 6K8
R2 22K
R3, R7, R8 10K
R4 330K
R5 1M
R6, R22 100K
R9, R10, R13, R14 15K
R11, R15 27K
R12, R16 47K
R17 220R
R18, R19 680R
R20, R21, R23 -R42 100R
VR1 100K cermet Spectrol 63MT (Farnell 347-358)

(Maplin WR44X)
VR2 10K cermet Spectrol 63MT (Farnell 347-322)

(Maplin WR42V)

Capacitors
Cl 10uF 63V radial electrolytic
C2 1nF mini polyester
C3 luF polyester layer
C4 1uF 25V axial electrolytic
C5 100pF ceramic
C6,C7,C8,C9,C10,C11,C12,C13 See text (filter
capacitors, select according to frequency)
C16, C17 100nF mini polyester
C14 4u7 25V radial electrolytic
C15 470uF 25V radial electrolytic
C18 1000uF 16V radial electrolytic

Semiconductors
IC1

IC2, 1C3
01
D1 -D3, D6
D4, D5

TL074 or TL084 quad op amp
LM3914 bar graph
2N3819
1N4148
BZY88C4V7 zener

LED1 - LED100 Bright red 10mm LED (Maplin
UK53H) (Rapid 55-0330 or 55-0340)

Miscellaneous
PL1

PL2, PL3
PL4
PL5 to PL6
(Maplin DD25C) (Rapid 19-0592)
SK1

SK2, SK3
SK4
SK5

8 way Molex pin wafer (Rapid 22-(1975)
3 way Molex pin wafer (Rapid 22-0955)
2 way Molex pin wafer (Rapid 22-0950)
25 way D type male to male lead

8 way Molex pin housing (Rapid 22-0930)
3 way Molex pin housing (Rapid 22-0910)
2 way Molex pin housing (Rapid 22-0905)
25 way PCB mounting D type female

(Maplin FG27E) (Rapid 15-0185)
SK6 25 way chassis mount D type female
(Maplin YQ49D) (Rapid 15-0160)
SK7 3 pin DIN chassis mount socket
SK8 Single chassis mounting phono socket
(Rapid 20-0215)

Molex crimp pins for SK1 to SK4 (13) (Rapid 22-1097)
14 pin DIL IC socket (1)
18 pin DIL IC socket (2)
Printed circuit board 20mA version
DB4 Case (Maplin BN54J)
White trunking 38mm x 24mm x 1.5m (DIY or
electrical retailers)
M3 screws, nuts and 15mm spacers

Additional parts for high current version
SIL1, SIL2, SIL3 10K 8 resistors one end commoned
(Maplin RA30H) (Rapid 63-0230)
DIL1, DIL2, DIL3 1K 8 resistors (Maplin DL86T)
(Rapid 63-0645)
IC4, IC5, lC6 ULN2803 transistor array
02 to 021 ZTX500

Printed circuit board 500mA version
16 pin DIL IC socket (3)
18 pin DIL IC socket (3)

PARTS LIST FOR THE BARGRAPH POWER
SUPPLY

Capacitors
C19, C20, C21, C22 2200uF 25V radial electrolytic
C23 470uF 25V radial electrolytic

Semiconductors
BR1 SKB2/02L5A (Rapid SKBP02) (RS 261-491)
022 L78S12CV (Maplin UJ56L)
023 79L12 (Maplin WQ86T) (Rapid 79L12)

Miscellaneous
Fl T315mA 20mm fuse
T1 PCB mounting transformer 12V -0V -12V 1A (Maplin
DM13P)
PL7 3 pin DIN plug

20mm PCB mounting fuse holder (Maplin DA61R) (Rapid 26-
0165)

Clear fuse holder cover (Maplin DA62S) (Rapid 26-0170)
Redpoint TV40 heatsink for Q22 (Maplin FG55K)
(Rapid 36-0250)
PSU case (Maplin YU32K)
Cable grommet (2) (Maplin JM16S)
Power supply PCB
1mm single sided Veropin (5)
2 core cable 16/0.2mm 3A
3 core cable 13/0.2mm 2.5A
Push button latching mains switch (Maplin FG46A)
Mains plug

All the components should be easily obtainable at Maplin or
Rapid Electronics. The author can supply any parts except the
printed circuit boards. For prices send a st?mped addressed
envelope to ETI Bar Graph, 21 Crossgates Avenue, Leeds,
West Yorkshire, LS15 7QF. Sorry - no phone calls or callers
please. PCB master laser film prints, directly for use with UV
light and photosensitive board, are also available from the
author at £1 each pattern.

Component suppliers
Maplin Electronics, Rayleigh, Essex, SS6
8LU.
Rapid Electronics Ltd, Heckworth Close,
Severalls Industrial Estate, Colchester,
Essex, CO4 4TB.
Farnell Electronic Components, Canal
Road, Leeds, LS12 2TU.
RS Components (Electromail), Corby,
Northants.
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ELECTRONICS
PRINCIPLES 3.0
If you are looking for a means of improving
your knowledge of electronics then this is the
software for you.
Electronics Principles 3.0 now contains an extended range
of fully interactive analogue and digital electronics topics,
including the GCSE Electronics software in one package.

Electronics Elements. Transistor Theory.
Conduct's and Insulator. For Windows 3.1 & '95 Bipolar Transistor.
Basic Electronics. Transistor Configurations.
Resistor Value Test. Active Transistor Circuits.
Simple DC Umiak:. Field Effect Transistors.
Types of Snitching. Op-Amis.
VVariable Voltages Basic Operational Amplifies.
Ohms Lars Op -Amp Theory.
DC Vokages. Op -Amp Applications.
DC Corset Sum and Dill Op -Amp.
Series.Pmallel Resistors. Number.
AC Measurements. Simple Numbers.
AC Voltage and Current. Number Conversion.
AC Theory. Phase Angles.

R,C and L Parallel Circuits Comptes II=R,C and L Series Circuits_ Converting

Capacitors & Capacitance. Binam Numbers.
Inductors & Inductance. Binar? Arithmetic.
Communication System. - Gates.
Cooping & Selectivity. Flops.
Impedance. Timer.
Signals. Binary Counting.
Tuned Circuits. Counters.
DC Power. Shift Flexisters.
AC
Poweyuppies. Fifty eight Windows containing i Int:dram:
Voltage Regulators. nearly three hundred Measuring V,
P.N. Junction Diode. Analogue Multi -meter.
Diode Applications. Analogue and Digital Topics. Wheatstone Bridge.

£49.95
+P&P

 The software is completely self-contained, explanatory text
and calculations are laid out in additional Windows,
enabling you to see the effect of changing component values,
one -at -a -time within the formulae. Graphics, text and
calculations can be 'pasted', in colour into text documents for
a printing. Software contains all the features you expect from
a Windows package. Cascading windows, running multiple
applications etc. Menu selection uses the familiar drop down
approach. Switching, inputting values and changing logic
states can all be performed by pointing and clicking buttons.

Rm - Required multiplier resistance.

Re - Meter resistance.

Fsd - Full scale meter deflection.
Rm

V = Meter vokage range. }

Representation of

Analogue Meter Movement.

Vokage range. 100V

1V 1
Resistance mukipber - Ra

9k

Meter R2
,10V0-1 1

99kVoltage

Range 1004 I Common
999k

lkV R4 100uA Fsd
1k0hms coi resistanceIJ

9.999M

 The software is easy to use. Values for example, are input
as you would write them, capacitors as g, nF and pF.
Frequency as Hz, kHz and MHz, Resistance as Ohms,
kOhms and Mohms.

 Wherever possible scientific notation is avoided to make
numbers and calculations meaningful. Default component
values provide a useful starting point.

-.121/4/

VR1 -2k
Cl 100sF Time 220ms

VR1- 2k 8

E-

C1 discharging into pin 7

met
555R

7 Discharge
T rigger

6 Threshold Dil
Groyind

1

I ' = 1.1 xVR1 'Cl

_L

2

3

LE DI

111

k S1

a

k

R2
47k

S2 El

Reset

R3
47k

Teaching Electronics? Our software is currently used in
hundreds of UK and overseas schools & colleges to support
GCSE, A -Level, BTEC, City & Guilds, Degree level
foundation courses and a range of NVQ's and GNVQ's
where students are required to have an understanding of
electronics principles. 'Copy & Paste' feature enables
preparation of lecture overheads in colour, modify or expand
the text to produce your own handouts or study notes.

MATHEMATICS PRINCIPLES 3.0
An easy to use Windows package including GCSE course
syllabus, enabling you to study or revise in what we believe is
an interesting and enjoyable way. There are nearly two
hundred mathematics topics with interactive, full colour
graphics, enabling a "learning through doing" approach to
encourage experimentation.

The 'x' and 'y' position, where lines
intersect, will satisfy both equations.

Mathematics topics, range from Number and Number
Conversion, Using Numbers and Co-ordinates, Working with
Fractions, Lines, Angles and Scaling, Shapes, Area and
Volume, Circles, Area and Angles, Laws, Rules and Algebra,
Powers, Indices, Linear Equations, Slope, Graphs and
Trigonometry, Statistics, Vectors, Curves and Matrices.
As used in many schools throughout the UK. Only £49.95.

EPT Educational Software, Pump House, Lockram Lane, Witham, Essex. UK. CM8 2BJ. Tel/Fax: 01376 514008.
E -Mail Address, Salesgeptsoft.demon.co.uk Web pages http://www.octacon.co.uk/ext/ept/software.htm

Add £2 per order for UK post and packing. Make cheques payable to EPT Educational Software.
Switch, Visa and Mastercard orders accepted - please give card number and expiry date.

OVERSEAS ORDERS: Add £2.50 postage for countries in the EEC. Outside EEC add £3.50 for airmail postage.



PCB Designer
For Windows 3.1, '95 or NT

Looking for the price?

It's just £49.00 all inclusive!

...no VAT..no postage...

...no additional charges for
overseas orders.

Dealers and distributors wanted.

1E3 VitTA

Amex/Access/Delta/Visa

Runs on any PC running Windows 3.1, Windows 95 or
Windows NT with a minimum 2MB RAM
Will work with any Windows supported printer and monitor

In i7
11-Intern et 11

Visit our WWW site at www.niche.co.uk for more information
and a working demo. The demo is also available via anonymous FTP
from ftp.demon.co.uk in the dir /pub/ibmpc/win3/apps/pcbdemo/ as
pcbdemo.zip. Internet e-mail pcb@niche.demon.co.uk.

I I \-1-1111

41110

/Produce Single or Double sided PCBs.
/Print out to any Windows supported printer.
/Toolbar for rapid access to commonly

used components.
/Helpful prompts on screen as you work.
/Pad, track & IC sizes fully customisable.
/No charges for technical support.
/Snap -to -grid sizes 0.1", 0.05" 0.025"

and unrestricted.
/SMT pads and other pad shapes.
/Prints at the resolution of your printer, much

hi her than the screen shot shown here.

10 Y: 0:300

12 Short Hedges Close. Northleach, Cheltenham GL54 3PD Phone (01432) 355 414

Available in South Africa from JANCA Enterprises, PO Box 32131, 9317 Fichardtpark at R299,00

om rehensive PIC solutions from F
PICDESIM

PICDESIM is a fully integrated Windows PIC Simulator, to use
with our Development Environment. It features:
Single step, skip over, and run, Conditional breakpoints, watch
variables, trace any number of variables, graphical interfaces.
Up to 50 times faster than MPSIM. Wide range of stimuli
including asynch serial data. Integrates with our PIC
Programmer

£30.00, £25.00 if purchased with our PIC Programmer

PIC Programmer
Program 16054/55/56/57/58, 16C62>c<, 16064, 16071/73/74,
16C84. Uses serial link to a PC. Windows and DOS software
provided. Includes PICDE, the Windows based PIC
Development Environment with on-line help, project
management, editing, assembler.

Kit £40.00, Ready Built £50.00

PIC16C74/JW Erasable 20MHz £24.00
PIC 16C74-04 OTP 4MHz £8.00, 20MHz £11.00
PIC 16C57XT/P OTP 4MHz £5.00
PIC16C84-04P EEPROM erasable 4MHz £6.00
24LC65 81°6 serial EEPROM £5.00

Forest Electronic Developments
10 Holmhurst Avenue, Christchurch,
Dorset, BH23 5PQ

Phone/fax: 01425 270191, Technical 01425 274068

PIC BASIC
Easy to learn BASIC in a Windows Development
Environment. No need for assembler or a UV eraser to
program PICs. Modules operate from a serial link to your
PC. The 16074 module has these features:
8k EEPROM, up to 2000 lines of BASIC, 27 lines of
programmable I/O, 8 ND inputs, Interrupt deriven serial
RS232 interface, Peripheral 120 bus interface, optional
external ram.

16C57 Module Kit (8k, 4MHz) £30.00, Pre -built £36.00
16C74 Module Kit (8k, 4MHz) £35.00, Pre -built £42.00
16C74 Module Kit (8k, 20MHz) £40.00, Pre -built £46.00

PIC BASIC Compiler
New! A PIC BASIC compiler for the 16074. It
produces a hex code to program your 16074 directly.
Compatible with the EEPROM versions of PIC 16074
BASIC modules.
Compiler £50.00

.'Serial Cable for Programmer or BASIC Modules £7.50

Prices are inclusive, please add £3.00 for
P&P and handling to each order.
Cheques/POs payable to Forest Electronic
Developments.

Visit our Web page at http://www.ibmpcug.co.uk/-gmwarner/fed.htm

VISA
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The power supply unit
The MicroAmp requires four separate power rails:

The ETI Micro
Amp Part 3
Barry Porter concludes his professional -standard stereo microphone

amplifier with a description of the power supply requirements and two PSU
designs.

n the final part of our microphone amplifier project block form in figure 12, with circuit details in figures 13 (Vs

we describe two power supply designs, one very stabiliser) and 14 (Vr and Vp stabilisers). The component layout

basic, and a more complex high -reliability model, for the Vs stabiliser is shown in figure 17, and for the Vr and Vp

to power the MicroAmp according to different stabilisers in figure 18..

users' requirements The Vs and Vr stabilising circuitry is of a conventional type,
with an output capability of approximately 5A. The phantom
supply can deliver about 0.5A, so a single power unit can be
used to supply more than one MicroAmp - in fact, it shouldn't
complain if a dozen are connected to it. The power unit may

Signal supply - Vs +/-16V at 250mA also be used with other signal processing equipment, such as

Relay and LED supply - Vr +13V at 200mA a ParaBender equaliser, or even to supply a small mixing

Phantom power - Vp +48V at 30mA console.

These voltages could easily be supplied by integrated
regulators, but I felt it preferable to use discrete circuitry for all
but the phantom supply. The suggested power unit is shown in

If anything in this world needs to be over -engineered, it is
your power supply unit. By building in a large excess power
capability, the unit should not be strained in any way, and as a
consequence should be as near to totally reliable as possible.

Figure 12: the block diagram of the
power supply
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Figure 14: the circuit of the +VR
and +VP stablisers
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Figure 15: the circuit of
a basic -version power
supply
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However, if cost is the main consideration, and power is only
required for a single MicroAmp, a far simpler unit as shown in
figure 15 will be adequate.

The larger supply may be built into any suitable enclosure,
but if it is likely to be used to the limit of its performance,
sufficient heatsink area must be provided.

A 19 -in x 2U case with external heatsinks is probably the
best choice, as up to 150 watts has to be dissipated. For
lower current requirements, using a case with internal
heatsinks, or even mounting the stabilising transistors directly
onto the enclosure, may be acceptable.

o +VS

0

+VS
LED2

o OV

LED3* 1s
O

R12
1k3

IOW
o VS

I
R13
4k7

T 2'5W

O+VP

LE D4 * VP unit. If you do decide to take
this route, it is worth having
separate secondaries wound for

The ratings of the two mains
transformers will also depend
upon the output requirement.
For a continuous drain of 5A on
each of the Vs and Vr rails, the
main transformer should be
rated at:

1(dc) x 1.61 x Vsec = 15 x
1.61 x 36 = 869VA

This makes for a mighty large
transformer, not to mention a
mighty expensive one. If money
is no object, most transformer
manufacturers will wind
anything you require, but unless
you are ordering in large
quantities, expect to pay a
pretty stiff premium for a single

the Vr and Vp supplies. A
suggested design is shown in
figure 16.

If you are using a standard transformer, the VA rating should
be as large as possible - preferably 500VA, but if cost or size
mean using a smaller one, it will be necessary to increase the
secondary voltage to 20-0-20V RMS to maintain the raw dc
voltage at a sufficiently high level for the stabilising circuitry to
operate correctly.

For a 0.5A phantom power capability, transformer T2 needs
to be:

0.5 x 1.61 x 40 = 32VA
This should cause no problems, except that no-one
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Figure 16: the
design of the
MicroAmp
custom mains
transformer if
required (see
text)
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appears to make a standard transformer with the required
voltage and current outputs. Luckily, a suitable 50VA one is
available, which does not suffer a great size penalty.

Stabilising circuits
The Vs and Vr stabilising circuitry is similar in all respects
except for the polarity reversal of the active components in
the -Vs supply.

Using the +Vs circuit (figure 13) as an example, the
stabilising transistors, 01 and Q2 are controlled by
comparing the attenuated output voltage to a reference
voltage established by precision zener diode, D2. In
operation, if the output voltage increases beyond its pre-
set value, transistor Q7 will be turned off, as its emitter
potential is fixed at 0.6V above the 6.2V reference by the
Vbe drop of Q6. As Q7 turns off, the voltage across
resistor R16 will fall, turning 05 off. This allows R2 to turn
Q4, and hence Q1 and Q2 off until the output has fallen to
the required voltage. Obviously, if the output voltage falls,
the reverse happens and Q1 and Q2 turn on until the
correct output voltage is established.

Under overload or short circuit conditions, the voltage
developed across sense resistor R5 starts Q3 turning on,
which diverts base current from Q4, turning off Q1 and Q2.
The low output voltage causes Q7 and hence 05 to turn
hard on, and the low collector potential of 05 pulls 03
harder on via resistor R8, thereby introducing a foldback
action which limits dissipation in the stabilising devices.

Any noise finding its way onto the output rail is fed via
capacitor C3 to the base of Q7, and is cancelled by the
resulting negative feedback action.

Why the bridge rectifier?
By now you are probably wondering why the output of the
stabiliser feeds a bridge rectifier? All that is strictly

necessary is a single diode capable of handling the
maximum output of the supply but, for a given current,
rectifier bridges tend to run much cooler than single
devices. So, why diodes? They are not absolutely
essential, but imagine you are in the middle of a recording
when your power supply calls it a day and your incoming
signal dies away to a level inversely proportional to your
blood pressure. You may have a spare supply with you,
but at best it will take several seconds to plug it in and
switch on.

Now, consider your peace of mind if you had two
supplies running at the same time, arranged so that if one
dies, the other would carry on without a sigh.

The diodes allow the outputs of two or more supplies to
be joined together, either to provide back-up in case of
failure, or to increase the available current for powering
large mixing consoles or whole racks of MicroAmps.

To achieve this, the power output connector should be
duplicated so that units can be chained together with
short interconnection leads.

The phantom power supply uses a high voltage
regulator (figure 14, 101) with conventional circuitry. Note
that in order for the TL783 to operate correctly, it must
have an output load - normally provided by the indicating
LED. If for any reason you decide not to fit this, the
bottom of resistor R22 must be connected to the output
ground.

For reliability, the Vs and Vr stabilising transistors
should be metal can TO3 types, as plastic devices do not
seem to have a very good track record in power supplies.
If your heatsink is flat backed, the transistors can be
mounted onto a piece of 38 x 38 x 5 angle alloy which is
attached to the heatsink with plenty of M3.5 screws and a
good dollop of thermal compound over the mating faces.

I do not recommend that your power supply is fitted
with a mains switch, unless you feel like investing in one
with a positive locking action with a removable key. Power
units tend to find their way onto the floor, where feet also
go, and you can bet your life that when a foot meets a
switch, it will always be moving in the "Off" direction.

I have made only outline recommendations regarding
the type of enclosure, external heatsinks etc., and have
not specified connectors or indicating LEDs, as I feel that
a browse through the Electromail or the Maplin.catalogue
will enable most constructors to choose suitable parts for
their own requirements.

The simple version ...
Due to the simplicity of the basic power supply, no PCB
layout has been prepared for that version, and the
components used may be changed at will. If there is
enough demand we may come up with a "simple" layout,
but most of you will be able to do a design to suit
yourselves.

Obtaining the parts
Where possible, components have been chosen which are
stocked by Electromail (Electromail Ltd., PO Box 33,
Corby, Northants NN17 9EL Tel:01536-405555).

Other parts can be supplied by: Audio Solutions Ltd, 9b
Ashbourne Parade, Hanger Lane, London W5 3QS Tel
0181 998 8127 Fax 0181 997 0608
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Figure 13 [ Vs Stabiliser]

Resistors
R1,R20
R2,R17,R21,R36
R3,R6,R22,R25
R4,R23
R5,R24,R29,R30
R7,R26
R8,R27
R9,R28
R10,R11
R12,R31
R13,R32
R14,R33
R15,R34
R16,R35
R18,R37
R19,R38
VR1,VR2

Capacitors
cl,C3,C4,C5,C7,C8

C2,C6

1k5 0.5W 149-717
3k3 148-629
2k2 148-584
1k2 148-528
OR1 6W 159-253
270R 148-360
15k 148-770
330R 148-382
OR1 6W 159-253
330R 2.5W 152-527
100R 148-269
100R 6W 159-433
1k5 148-540
1k 148-506
1k6 148-556
1k3 0.5W 163-628
1k 375-900

22uF 25V 107-000
470pF 113-308

Capacitors not on PCB:
2x 10000uF 40V 105-414
2x 4700uF 25V 105-290

Diodes
D1,D4
D2,D5
D3,D6

Transistors
Q1,Q2
03,012
04
05,06,Q10
06,07
Q8,Q9
011
013,014

12V BZX79
6.2V 1N821
1N4002

2N2955
BD438
TIP32
BD437
BC212
2N3055
TIP31

BC182

283-738
850-237
261-154

293-684
109-078
295-494
299-345
296-122*
293-511
295-488
296-087*

Note: The BC212 and BC182 transistors supplied
by Electromail are not suitable, as they have a
centre collector pin -out. The part numbers given
are for alternative devices, BC547 and BC557.

Additional components:
Bridge Rectifiers 264-888 [x2]
Heatsinks for 04 & Q11 402-951 [x2]

Figure 14 (+Vr and +Vp stabiliser]
Resistors
R1 1k5 0.5W 149-717
R2,R17 3k3 148-629
R3,R6 2k2 148-584
R4 1k2 148-528
R5 OR1 6W 159-253
R7 270R 148-360
R8 15k 148-770
R9 330R 148-382
R10,R11 OR1 6W 159-253
R12 330R 2.5W 152-527
R13 100R 148-269

R14
R15
R16
R18
R19

R20
R21

R22
VR1,VR2

Capacitors
C1,C3,C4
C5,C6,C7
C7

100R 6W
1k5
1k
2k4
1k 0.5W
6k2
18OR

4k7 2.5W
1k

22uF 25V
10uF 63V
10uF 63V

159-433
148-540
148-506
148-590
149-694
148-685
148-326
152-684
375-900

107-000
107-088
107-088

Capacitors not on PCB:
4700uF 25V 105-290
4700uF 63V 105-329
1000uF 63V 105-335

Diodes
D1

D2

D3
D4
D5

12V BDX79
6.2V 1N821
1N4002
40A stud
1N5402

Transistors
01,Q2 2N2955
03
04
05
Q6,Q7
IC1

T1

Br1

BD438
TIP32
BD437
BC212
TL783
40V Transformer
200V 2A

283-738
850-237
261-154
262-624
263-065

293-684
109-078
295-494
299-345
296-122*
302-255
208-800
183-4078

Figure 15 [Basic Power Supply]
Resistors
R1,R3 1 k6 148-556
R2,R4 12k 148-758
R5 4k7 148-663
R6 100k 148-972
R7,R8,R9 120R 148-281
R10 1k 148-506
R11,R12 1k3 0.5W 163-628
R13 4k7 2.5W 152-684

Capacitors
C1,C2,C3,C4 0.1uF
C5,C6 22uF 25V
C7 10uF 63V 1
C8,C9,C10 100uF 25V
C11 100uF 63V
Ca 4700uF 40V
Cb 1000uF 63V

Semiconductors etc.
IC1 7812
IC2
IC3
IC4
Br1

T1

T2

LM317T
LM337T
TL783
KBU4D
18V Transformer
20V Transformer

115-988
107-000
07-088
107-022
107-117
106-877 (x2)
105-335

633-032
631-317
630-998
302-255
630-803 (x2)
196-561
196-319

ELECTRONICS TODAY INTERNATIONAL
60



AN5521
AN5732
AN6327
AN6677
BA5114
BA6218
BA6219
HA11423
HA13119
KA6210
LA3220
LA4183
LA4445
LA4495
LA4588
LA7835
LB1415
LM301
LM317T
M491 66I
M49661
M51393
M58655
M63730
M63756
STK078
STK435
STK461
STK2250
STK4121/2
STK4141/2
STK4142/2
STK4162/2
STK4171/2
STK4191/2
STK4352
STK4372
STK4803
STK4843
STK5315
STK5332
STK5338
STK5361
STK5372
STK5372H
STK5412
STK5471
STK6732
STK7226
STK7308
STK7308
STK7348
STK7356
STK7004
STK73410

1.35
1.40
9.85
8.50
1.55
1.85
1.20
1.65
2.50
4.99
0.60
1.35
1.90
1.40
2.55
2.35
2.25
0.25
1.50
4.75
6.75
5.95
3.30
1.70
8.00
6.00
4.00

10.50
7.45
7.00
5.50
6.50
6.25
8.10
8.50
6.20
5.65
7.05
7.05
5.85
1.80
3.25
4.15
2.85
4.15
3.75
3.85

14.00
7.50
4.05
4.05
4.05
4.75
6.50
5.15

HONE FOR OUR FREE 1996 CATALOGUE

STK73410/2
STK73605
STR441
STR451
STR3125
STR4211
STR4090
STR20005
STR40090
STR50103A
STR54041
STR58041
STR80001
STR1706
STR D1806
STR D6008
TA227
TA7271
TA7280
TA7281
TA7698
TA8200
TA8210
TA8214
TA8215
TA8205
TA8659
TA75339
TDA3500
TDA3645
TDA3650
TDA3850
TDA4400
TDA4500
TDA4505A
TDA45056
TDA4505M
TDA4505K
TDA4660
TDA4950
TDA5660P
TDA7072
TDA8370
TDA8405
TDA8732
TEA2018A

5.95
4.50

18.99
29.99

5.50
5.50

11.15
5.00
4.00
3.85
3.75
3.75
6.00
4.75
4.50

10.00
1.85
2.50
2.25
2.20
5.00
3.50
3.00
3.00
3.00
3.95

13.00

4.99
8.00
8.99

18.99
1.75
3.50
4.10
4.10
5.25
6.15
4.50
1.40
2.50
3.99

14.00
8.00
5.95
1.50

TEA2026C 4.50
TEA5170 1.40
TUA2000-4 4.25
U884B 2.35
UAA1008 3.00
UPC1178 1.05
UPC1182H 5.15
UPC1278H 2.20
UPC1420 4.50
UPD1937 3.00
25A814 0.71
25A839 1.40
25A1062 1.00

ELECTROLYTIC
CAPACITORS

250V Working
1UF (5/pack)
4.7UF (5/pack)
10UF (5/pack)
22UF (each)
33U F (each)
47U F (each)
100UF (each)
400V Working
1UF (5/pack)
4.7UF (5/pack)
10UF (each)
22UF (each)
4.7UF (each)

1.00
1.50
1.70
0.40
0.56
0.65
1.28

1.10
1.50
0.70
0.75
1.40

IC -DATABASE ON
FLOPPY DISK

The most important technical data 8
functions of 48000 semi (20k IC's 
28k Transistors / Triack on floppy
disk only C14.99+ p/p3Vat
TEST CD2
This CD can be used to control CD
player- 71 different test signals
- Running time 30 min - Sinus;
Rectangle/white 8 pink noise -
Complete with instruction book

£12.99 each
TEST CD3
With this CD a technician can
control 8 adjust the electrical data
of CD players in a minimum of time
will improve the repair results in
adjusting cd player after changing
the laser unit. E20.99 each

Please phone us for the types not listed. Please add 60p post &
packing and then add 17.5% VAT to the total.

Callers by appointment only.

J.J. COMPONENTS
CI 63 THE CHASE, EDGEWARE,

MIDDX. HA8 5DN, ENGLAND
Hotlines No 081 381 1700/081 952 4641
Free Fax order Line only : 0800 318498

General Fax 081 381 1700
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Build your own computer
Features: - 16 Digital I/O's

- 12 Analog imputs
- 16 Timers
- 2 High speed counters 2.5kHz
- Direct LCD control
- RS232 Serial interface
- PC bus
- One wire bus (touch memory)
Contact: Diamond Chip
Tel: +27 12 803 6287
Fax: +27 12 803 4350
E-mail: stefan@dchip.com
Internet: http://www.dchip.com

iii I

LTD STEVENAGE
Professional Sub -Contract Manufacturing & Suppliers to the
Electronics Industry
Do you have a requirement for any of the following services:
PCB Assembly (Conventional and Product Design/Consultation
Surface Mount)
Wave & Hand Soldering
Complete Equipment
Manufacture
Device Programming from hand
written shts or PC 31/2" disc
Cable Harness Assembly/loom
Manufacture
Card Cage and Module Wiring
Full Inspection

Full Procurement Service
PCB Test & "Burn in" Facilities
Enclosure Design & Manufacture
PCB Artwork Manufacture
Circuits Drawn Professionally
Kit Procurement & Supply
Component Sales
Refurbishment a speciality
Top Quality Work at Reasonable
Rates

Phone Steve on (01438) 360406 or fax details of your requirements to us
on (01438) 352742
EDT LTD, Cromer House, Caxton way, STEVENAGE, HERTS. SG1 2DF

N

NEWS FROM THE NEXUS
PHOTOSTAT SERVICE.
EFFECTIVE FROM 1ST
NOVEMBER 1995

The Nexus Photocopying Service can
provide you with all those interesting

features and valuable projects that have been published in your
favourite magazine. The new costs of our photocopying service
are as follows: -
First article: £2.75 inc of VAT. Please note that projects
published over several issues must be ordered as a series of
individual articles. each for £2.00.
A £2.75 search fee is required if full information is not supplied.
Please note delivery could be up to 28 working days.

EX US

Please supply photo -copies of the following articles from

(Complete in BLOCK CAPITALS)

Month Year Page.(if known)

TITLE

Month Year Page (if known).

TITLE

Month Year Page (if known)

TITLE

I enclose a cheque/postal order made out to Nexus Special Interests to the

value of:
P&P £1.00 (UK only) 20% Overseas

Total remittance £

Name:

Address:

Post Code:

Send the completed form and remittance to:
Photocopy Service, Nexus Special Interests, Nexus House, Boundary Way,

Hemel Hempstead, Hertfordshire. HP2 7ST

TEACH YOURSELF
PIC MICROCONTROLLERS.

The Advance Electronics teaching package is a

complete learning/development package for the PIC

Microcontroller.
The pack contains a 16C84 programmer, a power
supply unit, a development board, a 16C84 chip and

a 90 page book 'Build and Understand PIC

Microcontrollers' and free software.

The development package will guide you through the
PIC instruction set and registers and enable you to
program the PIC. The sections in the book include
flowcharts, delays, traffic lights, counting events,
repititon, look up tables, scanning switches, scanning
keypads, using 7 segment displays and fault finding.

The package price is £65. For further details contact.

Advance Electronics
Station Street
Rainhill
Merseyside
L35 OLP

0151 426 5446

ELECTRONICS TODAY INTERNATIONAL
61



ETI
LECTRONICS

TODAY INTERNATIONAL

Weekend wind
workshops in

ale
l readers will have followed with interest

arkeson's series on alternative energy sou
re is a chance for further involvement
ernative energy: have you ever wanted to
nd generator, solar PV, water heating syste
other alternative technology project? Ro
yes GW4IED of Keysolar Systems is holdi
ries of practical workshops in which people of
ility can work with other people in a well-equi
rkshop on plans provided or on their own desi

workshops are based in Newport, Gwent,
junction 25 of the M4, from 12am to 6p

turdays and 9am to 4pm on Sundays, starting
vernber 1996 and running through 1997. The
tel and B&B accommodation available nearby, a
rdstanding for caravans on the site.

gk

For more information, tel or fax 01
ring office hours, or write to Keysota

lanmor Crescent, Newport, Gwent NP9

Reading launches
new engineering
courses
Reading University is launching a new range of four-
year degree courses leading to Master of
Engineering (MEng) qualifications. Reading's
Engineering Department, one of the few in the UK
whose teaching quality was assessed by the Higher
Education Funding Council as "excellent" has
designed the courses to be comparable with the
best professional courses on offer in the rest of
Europe, combining traditional academic studies with
extended project work carried out in close
collaboration with industry.

In addition to this, collaboration between the
University and Reading College of Arts and
Technology gives students completing HND courses
in Electrical and Mechanical Engineering the
opportunity to join the relevant University degree
course at second year level. The University has also
worked with local industry both to assist with
technical support and on joint project work.

Students started in the disciplines of Mechanical,
Electronic or Integrated Engineering at the start of
the autumn term.

The University of Reading can be contacted at
Whiteknights, PO Box 217, Reading RG6 6AH.

Thep NIUM Problem - it may
be later than your computer think

task force set up earlier this year by Computing Jives and
Software Association and the Confederation of British Industry to address
the "Millennium Problem" - the rnisreading of the date "2000" and
subsequent numbers higher than 1999 by computer software that
interprets dates by the final two digits - has recently completed its first

--,,nAor conference aimed at company chiefs.
, "Computer companies still selling non -millennium -compliant software
' and services must come clean and make the position dear to the
'I customer', said Science and Technology Minister Ian Taylor, adding that
'Chief Executives should talk to shareholders now about how their
companies will take action to maintain trading through the turn of the.....

century.

The task force's primary objective is seen as achieving 100% awareness
of the problem by board -level executives by the end of March 1997, so that
it can be eradicated before it becomes necessary for computer systems to
start using third -millennium dates on a large scale for items such as
insurance renewals and pension payments.

The interpretation of dates by the last two digits - reading 1996 as "96",
for example - has been a functional approach since business computing

was invented earlier this century L but now the industry of the future finds
that the future is almost here - bringing crisis. if software is not updated.
Systems seeing the date "2000" will interpret it as "1900" or even as no
date at all. This will throw time -sensitive data, such as maturing
investments, into chaos.

For many companies, it may be expensive to remove the anomaly fro
software which may involve several different suppliers. However, the loss(
arising from a malfunction affecting the records of all customers, member
or assets, could cause business failures.

Fortunately, forward -thinking software developers have already built th
capability into their software, but it has been ignored by many. The task
force expects to develop an educational programme including a helpline,
newsletter, a World-wide web Internet site, workshops, conference and
videos, and recruit help from suppliers, user groups and business suppor
organisations to warn people of the problem.

Anyone who believes that their business or personal software may ne
to be updated in this respect should seek information from their software
suppliers, as pressure on suppliers is likely to increase as the year 2000
approaches.
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User -Driven Innovation: The World's First Business
Computer
By David Caminer, John Aris, Peter Hermon and
Frank Land
Hardback £35.00
McGraw-Hill Book Company Tel. 01628 23432

t is one of those little-known well-known facts that
the first computer to run regular business
programs was developed by a company famous
for its teashops.

J. Lyons & Co. (best remembered as Joe
Lyons) was by 1950 England's leading caterer, and a supplier
of consumer bakery on a massive scale. In the late 1940s
"computors" were still "the Electronic Brain" (the American
ENIAC was in the news), and almost mythical, in the public
mind. However, the corner was about to be turned. Strange
though it seems that a caterers should undertake the
development a revolutionary accounting machine, Lyons was
already respected for its dynamic management methodology.
Lyons considered the whole business, which was a very large

one, rather than let departments run themselves. With several

hundred teashops taking daily deliveries, this approach was

probably pivotal.
After World War II, the accounting and stock -tracking

paperwork needed crowds of clerks making repetitive
calculations and reconciliations year -in, year -out, costly in
labour and increasingly unpopular as a career. Two members
of the Chief Comptroller's department, T.R. Thompson and
Oliver Standingford, went to the USA to survey the latest in
office management practice and equipment. They were
unimpressed with the former, but deeply impressed by the
ENIAC project at Princeton University and by plans at
Prudential Insurance in New Jersey to build an electronic billing

machine.
Having discussed their findings and reported to the Board,

Chief Comptroller John Simmons immediately gained a grant
of £3,000 plus an "electrical assistant" from Lyons for the
Maths Lab at the Cavendish Laboratory, Cambridge University,
to pursue work on their electronic calculating machine,
EDSAC. On 6th May 1949, EDSAC became the first stored
program computer to operate in a practical way, by calculating

a sequence of prime numbers. Dr. Maurice Wilkes phoned

Lyons, where a board meeting was taking place. Within
minutes the Chairman gave his staff the go-ahead for full-scale
development work on the first business computer.

Simmons named the proto-computer LEO, for Lyons
Electronic Office, with a completely straight face, and
development of the business systems, to which this book is
chiefly dedicated, began. The core hardware principle of
EDSAC now worked, but ahead lay the task of inventing
systems analysis, writing programs to fit a tiny amount of
storage (as memory was then called), and redesigning the

hardware with appropriate input, output and storage devices.

Work was commissioned on magnetic tape storage, but this
proved abortive. Punch cards and paper tape were used for
running programs, with mercury tube storage, and magnetic

wire drums.
Leo ran the first routine business application just two years

later in November 1951, under a development staff of a mere
20 people. The LEO project became the reliable source of

Lyons' management accounting, as well as bureau services
and in-house installations for clients, becoming LEO
Computers Ltd. in 1959.

This book is primarily the historical reminiscences of several
members of the development team, notably systems analyst
David Caminer. The underlying thread is the complete
dedication of the team and the rigorous checking procedures
carried out on all the coding in the quest for compactness and
reliability. Many of the individual chapters cover the story of a
specific contract by one of the senior team members who
worked on it. The chapter by John Lewis on the Glyn Mills
Bank Army and Air Force Officers Payroll gives insight into the
design complexities of a particularly complex payroll program
recording deductions and allowances (of which the offers' pay
mainly consisted) arriving at irregular times onto a small
memory. Although the model in service here is the Leo 11/5

(installed in 1959) the main memory store "consisted of 2048
addressable short words - equivalent to under 10,000 4 -bit
characters in today's parlance. (Even a modest word
processing computer has a memory of 512,000 alphanumeric
characters.) Bank account numbers had not been invented yet,
and the process was not aided by the payroll records being
filed by name. - "one family with a history of several
generations of service in the army had a surname of 27

characters".
But I found that the most trenchant section was The

Widening Field, by Frank Land, who started in Lyons as a
trainee programmer and rose to Chief Consultant, later
returning to academia to hold a Professor ship of Systems
Analysis and other senior posts. Bluntly at times he gives a
view of the problems of reconciling the technical enthusiasm of
the LEO people with the less crystalline views of some of their
customers, and the vital importance in those days of
individuals with a strong faith in progress (touchingly, he calls
them "champions" in the old sense of someone fighting for a
cause) in getting companies to adopt computerisation at all.
"We had confidence in our ability to understand what was
needed that sometimes made up appear arrogant. But we too
were capable of missing a real requirement or misjudging a

situation." He concludes: "It is interesting that in 1995 the
rhetoric of the day suggests that the way ahead lies in
following the precepts we learned with J. Lyons and which we
implemented with Lyons and our LEO customers over 30 years

ago."
Eventually history overtook the LEO business, as office

machine companies (such as IBM) brought in their own
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systems to an existing customer base. One of LEO's
weaknesses in the field may have been its devotion to creating
efficient management systems rather than simply nodding to
prospective customers' specifications. The divide between
what the machine is best fitted to do, and what the non-
technical client thinks it can best do had not been an issue at
Lyons but, as in the 1990s, the gap was not so easily closed
elsewhere.

As well as the story of the development of LEO, and of
programming projects for customers from the Post Office to a
truckers' magazine giveaway, the books reprints Thompson
and Standingford's original technical report and some other
items of interest. It is overtly stated that this volume's main
purpose is to gather and preserve the historical records of this
project before too many of the members grow much older
(many of the original senior Lyons management are deceased),
but some photographs, I think, would have helped the class of
1996 to appreciate the scale of the project.

Perhaps one unique side effect of studying the LEO story is
that it is impossible to go for long without desiring to lay hands
on a cup of tea and a bun, and equally impossible to feel guilty
about doing so. That was, after all, the motive force behind the
whole project.

LEO: The First Business Computer
By Peter J. Bird
Hardback £18.95 UK, £26.00 overseas
Hasler Publishing Ltd. Tel. 0118 978 1922

Peter Bird worked for Lyons as an information technology
expert from 1964 to 1991. His book first came out in 1994,
and provided part of the impulse for members of the LEO
development team to come together and produce the more
recent volume reviewed above. Bird's book also covers the
earlier history of J. Lyons and Co. Ltd., and, without in any way
providing technical blueprints, contains a fair amount of
technical information and illustration.

Told as a straightforward history compiled from the (in some
cases very thorough) project records made by team members,
and from interviews, this is a readable story that covers
everything from the details of paper -tape splicing and punch-

by -punch program checking to the kind of anecdote involving
high-level visitors, a revolutionary and still highly
experimental (that is, unreliable) piece of
machinery, the best efforts of the personnel, and a
doorhandle. Anyone who has taken part in hardware
or software demonstrations to a deadline will
recognise the situation at once. This is not, however,
merely in jest, but an illustration of the constant parallel
pressures of hardware reliability, software development,
support and marketing brought to bear on the team,
perhaps not so different from today except that the team
was much smaller and the concept much more
revolutionary than most of today's computing market. One
pressure that they were not under was pressure of mass
marketing ...

Again the emphasis is on the high calibre and dedication
of the development team, fired by the opportunity to work on
something new for an employer that backed them to the hilt
and had an important practical use waiting for the result. If this
book stresses the long hours rather than the high pay enjoyed
by many of the team, and the cameraderie rather than the
crisp critiques and occasional brisk sackings that took place,
this is just another side to the story of a team working to a high

standard under uncertain conditions .

LEO was overtaken, as we have said above, by the larger
tide of history, but its most notable legacy may be that the
development team dispersed into senior and influential
positions throughout the growing computer industry, saying
that they owed their experience to LEO; and that many of them
keep in touch to this day.

Peter Bird's book has no fewer than 13 technical and
statistical appendices, including one on program actions in
LEO I and another one on the calculation and memory circuits.
There are also considerable chapters following hardware and
peripheral developments, and a number of diagrams and flow
diagrams describing those developments. There are a large
number of black and white photographs of the machines at
work (and "down"), and of the electronic assemblies and
experimental mercury delay tubes, which may be a revelation
to anyone born in the PC age. I thought that "mini" computers
were large when I left university in the 1970s - I had no idea
what "large" really meant.

Photos of the development team at work, too, provide an
insight into changing times - this was well before the days of
Jesus sandals and beards, but the comparative formality
seems to have damped no -one's enthusiasm. The text is both
readable and informative to old hands and new students.

Readers may also hear with feeling hearts that Lyons'
original move into catering was to provide palatable food at
trade shows ... the company may be more missed than it
knows.

The
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OMPETITION BETWEEN SUPERMODELS

HAS NEVER BEEN G

Experience the spectacle of the 1996 International Model Show which brings
together the whole world of modelling in one stunning event at

London's Olympia.

Marvel at breathtaking examples of international modelling excellence,
featuring thousands of engines, cars, aircraft, and boats as well

as models from Sci-Fi, film and fantasy.

O
Thrill at the skills of top model pilots, competing in national

championships and indoor UK record attempts.

Compare and try the latest modelling products before you buy at discount
show prices from the huge number of traders.

Ensure you don't miss the spectacle of IMS '96 by reserving your priority
ticket today.

Europe's Premier Model Show
29th December 1996 - 4th January 1997 Olympia, Kensington, London W14

Opening Tittles: Warn to (tpm Except Friday 3rd January 1997, late night until tipm

THE INTERNATIONAL SHOW

and The Model Engineer Exhibition
OLYMPIA 29 DECEMBER - 4 JANUARY 1997

ADVANCE DISCOUNT TICKET PRICES:

One Day Ticket On the Door

- Adults £7.50

- Senior Citizens £5.50

- Children (5-16 yrs inc.) £4.00

Family Ticket

(2 Adults + up to 4 Children)

Two Day Ticket

- Adults £14.00 £12.00

- Senior Citizens £10.00 £9.00

Season Ticket (for the duration of the show)

- Adults £30.00 £28.00

- Senior Citizens £22.00 £20.00

GROUP & SCHOOL BOOKINGS

(For 10 or more, only available in advance)

- Adults £6.00

- Senior Citizens £4.50

- Children (5-16 yrs inc.) / Pupils £3.00

TO ORDER

TELEPHONE OUR TICKET HOTLINE ON 01442 - 244321

or write to
Advance Tickets, Nexus Special Interests Ltd, Nexus House,

Boundary Way, Hemel Hempstead, Hens HP2 /ST

Advance

£6.50

£5.00

£3.50

£20.00 £11.50
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Practically Speaking
BY TERRY BALBIRNIE

When connecting wire is too
thin for the purpose,
overheating and fire may result.
Wire having the correct current
rating for the job must always
be used. Even so, a thicker wire
is often chosen simply to
reduce the voltage drop and
this month we shall look at this
topic.

hen current flows through a piece
of wire, a certain voltage will be
developed between its ends. This
is because the wire behaves as a
resistor even though its value is

likely to be very small. The value of this voltage
drop is dependent on the current and resistance.
Where the wire is quite thick and short, the resistance will be
very low and if a small current flows, the voltage drop will be
negligible. The photograph shows the voltage drop (in millivolts)
across a short piece of wire of adequate current rating carrying
2A. A large voltage drop is undesirable because the voltage
developed across the wire results in there being less for the
appliance. It therefore implies a loss of useful power.

Voltage drop is more likely to be a problem in a high -current
low -voltage system. As a practical example, suppose we are
connecting a pair of spotlights to the 12V car system. If the
bulb in each lamp is rated at 100W, then the supply wire
should be capable of carrying the current for 200W of power.
The current is found by dividing 200 (the power in watts) by the
12 (the voltage of the supply) and this works out at about 17A.
To carry this current without overheating, copper wire having a
cross sectional area of 1.5mm square would be adequate. In
practice, it may be found that over a long run of such wire, the
voltage drop would be too high resulting in bulbs which are
slightly dimmed. The solution is to use wire which, on the face
of it, seems to be excessively thick - say, 2.5mm square.

Made to measure
It is practically impossible to calculate the exact voltage drop
which may be expected in a circuit such as this. The reason is
that some of the effects are difficult to quantify. For example,
the current in the wire will raise its temperature and thereby
increase its resistance. At the same time, the current in the
bulb reduces, the filament becomes cooler and its resistance
falls. In practice, the eventual current would need to be
measured.
In such a situation, it would be best to wire up the lights
temporarily, using the correct length of the proposed wire. The
voltage developed across the bulbs could then be measured.
This may then be compared with the voltage at the supply. You
could then make a subjective judgement - if the voltage

Voltage drop in millivolts across a
short piece of wire carrying 2A.

difference exceeded, say, 0.5V thicker wire should be used.
Using a digital multitester having a millivolt range, the voltage
drop across a run of wire could be measured directly.

Modern in -car audio equipment can draw a very high
current from the supply. To avoid an excessive voltage drop
(and hence a reduction in available power) very thick wire is
usually used. A typical choice is 700/0.12 (700 strands each
having a diameter of 0.12 mm) and having a cross section area
of about 8 mm square or even 1050/0.16 having an area of
some 21 mm square!

Sounds good
A similar problem arises when operating loudspeakers at high
power levels. The current delivered by the amplifier can be very
high on low frequency peaks. To reduce voltage drop, and
hence a degradation of sound quality, it is always a good idea
to keep the wiring short. For long runs, thick wire should be
used. The type known as 100/0.1 ("loudspeaker wire") and
having a cross-sectional area of some 0.78mm square is often
used. Over long distances, a thicker wire would be needed.

In high -voltage circuits, the current flowing for a given
power is much less. For example, suppose 200W of lighting is
being connected to the 230V mains. Using the same
calculation as that used for the car spotlights, the current
flowing is now 200 (the power in watts) divided by 230 (the
voltage of the supply) - 0.87A approximately. Since the current
is much lower than in a comparable low -voltage system,
voltage drop will be less of a problem.

The popular type of flexible mains wire having a cross-
section area of 1 mm square will carry about 10A without
excessive heating. When it is carrying its maximum current,
and taking the heating effect into account, it will develop a
voltage drop of some 0.5V per metre. If a length of 4m was
used, the drop would be therefore 2V approximately. However,
a "loss" of 2V in 230V would have a negligible effect.
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SUPPLIER OF QUALITY USED
TEST INSTRUMENTS
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CONTACT

Cooke International
ELECTRONIC TEST & MEASURING INSTRUMENTS

Unit Four, Fordingbridge Site, Main Road, Barnham,
Bognor Regis, West Sussex, P022 OEB U.K.

Tel: (+44)01243 545111/2 Fax: (+44)01243 542457
CATALOGUE AVAILABLE

OPERATING & SERVICE MANUALS
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CONTACT

Cooke International
ELECTRONIC TEST & MEASURING INSTRUMENTS

Unit Four, Fordingbridge Site, Main Road, Barnham,
Bognor Regis, West Sussex, P022 OEB U.K.

Tel: (+44)01243 545111/2 Fax: (+44)01243 542457
CATALOGUE AVAILABLE

WE HAVE THE WIDEST CHOICE OF USED
OSCILLOSCOPES IN THE COUNTRY

TEKTRONIX TAS465 Dual trace 100MHz Delay/ Cursors ......11100
TEKTRONIX 2445 4011. 100MHz Delay/Cursors . ..,...41500
H P Type 54200A 139fizing Oscreaticope 501,100 . . __el 000
PHILIPS PM3295 Dual Trace 350MH, Delay Cu sus ..........._......[2000
TEKTRONIX 2213 Dual Trace 6042H2 - ,,,,,
PHILIPS 30552.1 Ch 50MH1 Oual TB: Delay

- ,...-",,,,,
PHILIPS P63217 Dual Trace SOMH, Only Sweep

' ..Y.
HITACHI V423 Dual Trace 40MHz Delay Sweep........ ../350
GOULD 0511000 Dual Trace 30MHz
HITACHI 5530
KIKUSUI 5530A Dual Trace 35MHz 0220

GOULD 0S300 Dux Trace 2CAIHr (No Handle/ 0080

HITACHI V209 Dual Trace 20M Hz Marne Battery. ... . ........ . 0400

LEADER OMSA/SCOPb 2001(H2 Dig Stomp LCD deplay....t300
TEKTRONIX 466 Dual Trace 1001Alie Delay Sweep De
HITACHI VC2511 Duel Trade 4042X1 Ogee $taage ..... ,..n"'I"'
TEKTRONIX 466 Dual Trace 100 MHz Delay:Analogue Sewage 0.8.
H.P. 174IA Dual Trace 100MHz AnaPgue Storage 4....
TEKTRONIX 434 Dual traceAMPLE Analogue Slorage. 0250

THIS 15 JUST A SAMPLE  MANY OTHERS AVAILABLE

H.P 5342A Preq.ncy Counter 10H2 . 240Hz 01750
H.R. 5340A Frequency Come. 10Hz  113G112 0750
MARCONI 2440 Frequency Counter 1014: - 20GH, 6 tn EEL f 1500
MARCONI 2435 Frequency MOWN 1011- 2GH, C500

RACAL/DANA 1991 Universal Contallinter 1604.11-12 9 droc 0500
MARCONI 2430A Frequency Counter 10111  601411z 8 391 [125
RACAL 5915 Frequency Career 10/12  520MHz...... f150

RACAL MA U.R.K.AI CP...T.. ,C/SOMR0 7 deft. fI25
MARCONI 2510 WS Volt.. welt GP13.......... f750
PATRON 1065 5, dicta Autccal Mureneter vat IEEE.. .14:10

SOLARTRON-71S0 6, 001 war IEEE True RMS AC No Handle [350
FLUKE 0842A 01,46 5, 01911 True RMS IEEE C700

FLUKE 2840A ,ghee Multreeler 5, 0190.... 0500
FLUKE 77 Handheld DMM 3, digil ..... 0100

1527
MARCONI TF2700 Ureversal Bndge Battery Ope.ed -trait; C75-0150
WAYNE KERR B024 Dgital Comp:rent Meter LCR EISO

ROBIN OM65 Handheld Delta, UC Meter Unused £75
TELEOUIPMENT C171 Curve Tracer wrth Adaptor. 0150
H R SMITH ANTENNA TEST SET type 12-503.1 02000
PHILIPS PMS59 Colour Panent Generator 0250
BLACK STAR ORION Colour Bar General° . . 1150
LEADER LSG2I6 Generator AWF1.1 Stereo . C450
FERROGRAPH RTS2 Recorder T. Set troth ATU .. .4500

FERROGRAPH RTS2 Recorder Teel Set 12250

MARCONI TF893B Audio Power Meter Smad.. 0250
WAVETEK 193 Sweep Modulation Function Gen 0.002Hz  20MHK 0450
PHILIPS PM5134 Sweep Func Gen 0 00100  20tiblz SInefTrPulse 0500
GOULD J3B Stne/Square OsolWor 10Hz 100K MHz ..... t150
FARNELL LEI Sine/Square Oscilialor MHz -1 I MHz 075
THANDAR TG102 Func Gen aztv HzareSare/T Ceti

THA TG501 Funs Gen 0.0006Hz  NAN SinerSq7109amprPuiseetc 0175
THANDAR TG502 as TG501 me) Sweep Fadefies........... ... 0275
DI -LOG rT4903 PAT Tesler (Badge Engeemed Seemed 111000 . Unused t400
C11200 (Seaward) RC -24 RCM Teat Uri Unused [100
DFLOG (s......s ci22 uns own Loop ester lime's] C100

M.P. 5006 Seneure Analyser £150

FLP. 5004A Signature Anatyser 0100
TEKTRONIX 1721 Vac -torso.. with 1735 Waveform Mont. 23000
TEKTRONIX 1421 V.orscope with 5280 Waveform Mortire 01500
PHILIPS 5567 Vectorscope with 5565 Waveform Matitor .01000
SORENSEN DCR602  4 50 0 - 500 Vole 0 - 4.5Amps. 0700
H P 62566 0  10volt. 0  20 Amps 0400

H P 62158 0  40 Voile 0 - 30 Amps 0500
FARNWELL AP60-50 0 - 60 Votia 0 - 50 Amps Melamine .01000
FARNELL 1460/25 - 60 Volta 0  25 Amps C400
FARNELL TSV70MK2 70 Volts 5 Ampe/35 Volts 10 Amps, Metered....X200
INUFILBY-THANDAR 32V 2 Amps

1600
THURLBY P1.3200240 0 - 3 Vet e 0-.1 Ampa'Twbseite 2225
TMURLBY P13100MD 0  3 Vas 0 1 Airy Twice .................2175
FARNELL LT05
FARRELL LT30-1 0 - 30 Volts 0 1 Amp. Twice 1130
ISOLATING TRANSFORMER 240V in - 240V out 2 Amp tsidl

.175
MANY OTHER POWER SUPPLIES AVAILABLE

H.P. 11620C Sweep Dsc with 86290132 - 16.6 Gliz . '2000
H.P. 61120C Sweep Ces voln 862228 BO 1- 2.4431-12 02000

WILTRON 6610A Programmable Swap Gen 1-20/12 .01500

M.P. 136560 Syntheseed Srg Gen At -90015412N.. Tim

MARCOI 2019 SwIthesad AAVFM Sig Gen MON -I0401MN........E1750

Marconi 2010 SYn1Y.SQed AAVEM SRO. EOSIN- 520MliT -5500
H P 664013 Phase LoclOSyn Sig Gen 300101: - waste EN Peel

Readout 6100

RP 66400 AWFM Sp Gen 5001012/10241(Hz gm
RACAL 9081 SMTaz¢e0 AMPM Sep Dan 5.524411 ...._[150
FARNELL P50520 Synthesized MIME SIg Gen 101.01 1.. 52014242 ....t500
FARNELL 5S9520 Synthestred MV FM Sig Gen 10 -520FAIN........ 0400

FARNELL TTS520 Transmitter Teel Sal.. 0400

PHILIPS0 Programmable Pneciske Pulee Geesneder WAIN E1250

P PM5716 Pulse Geneador 114 2 -5014/1e 4.F 20V .............. 0500

MARCONI 2305 Modulation Mane 5060-12 - 3Ellie . C2250

RACAL 9008 2l Auto Mod Leder 1.96/42 - MIN C300

SAYROSA 252 Automatic Mod Meese 1.51/62 -115010..__..._......_.
RACAUDANA 9104 RF Power Meter 114112 1Clete 1011W - 300W ... [325

BRADLEY 192 Scope Calibrator . ........................................_horn t500
SCHLUMBER Stabile. 402t Radio Test Set . teoo
H P 33368 SreMesded Le. Generator 1011.  21MHz .. . [800
I i P 358re Wave Analyse) 15Hz . 50Kli4 LED Readout... te00 NEW EQUIPMENT

BRUEL 8... KJOER EQUIPMENT AVAILABLE I
PLEASE ENQUIRE

HAMEG OSCILLOSCOPE HMIGO5 Teel° Tr.. WARN
Delay Tonebase 4147

HAMEG OSCILLOSCOPE 504604 Dual Trace 6014101 Delay Sweep ...1363
HAMEG SCiLL SC E HM303 Due Trace 30MHe Comp tesler...2422

SPECTRUM ANALYSERS

M.P. B565A 0.01220HT t3500
TAI(EDA RIKER CR4122B lOOKYO - 15004202 ...........................02500
AILTECH 727 0.00123GHZ E2000

H.P. 162 with 85588 100KHz-15031411......... .. ......hen 01500
mpg

SOME H P 141T Systems Available  Plee;11 EMU.

RAMEG OSCILLOSCOPE 1112051 13. Trace 201.452 Ogre Slwage. ..... 0153
All cater models availed@ - all osalliscopes supplied with 2 probs.

BLACK STAR EOUIPMENT (P&P itt0 unite 25)
APOLLO 10 100MIN Counter Timer RallorPaliodrrime int etc. E222
APOLLO ICC 10014112 (as above with more 11.2x122,$) ......
r325 FreelueneY Peo23 Co.. 130142. 2149
JUPITOR 500 FUNCTION GEN 0.1H7-5005117 Sinereq/Ts .... .......1122
ORION COLOUR BAR GENERATOR Pal/TN/Md....K..... ......1243

All other Black Star equipment available

OSCILLOSCOPE PROBES Scalped X1 X10 (P&P YT -

Used Equipment - Guaranteed Manuals supplied if possible.
This is a VERY SMALL SAMPLE OF STOCK. SAE or telephone for lists. Please check availability before

ordering. CARRIAGE all ends E16. VAT to be added to Total of Goods and Carriage.

STEWART OF
n110

READING
WYKEHAM ROAD, READING, BERKS RG6 1PL

Tel: 01734 268041 Fax: 01734 351696 caller5 welcome 9am to 5.30pm MON-PRI
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ETI
Classified Access

Ark

endy fordo.
01442 66551
Send your requirements to:
ETI Classified Department, Nexus, Nexus House,
Boundary Way, Hemel Hempstead, HP2 7ST
Lineage: 75p per word (+ VAT) (minimum 15 words)

Semi display: (minimum 2.5cms)
£10.50 + VAT per single column centimetre

Ring for information on series bookings/discounts.
All advertisements in this section must be pre -paid.
Advertisements are accepted subject to the terms and conditions
printed on the advertisement rate card (available on request).

FOR SALE

VARIABLE VOLTAGE
TRANSFORMERS

INPUT 220/240V AC 50/60
OUTPUT 0-260V

Price P&P
PANEL MOUNTING

0.5KVA 2.5 amp max £33.00 £6.00 (£45.83 inc VAT)
1KVA 5 amp max £45.25 £7.00 (£61.39 inc VAT)

SHROUDED
0 5KVA 2.5 amp max £34.00 £6.00 (£47.00 inc VAT)
1KVA 5 amp max £46.25 £7.00 (£62.57 inc VAT)
2KVA 10 amp max £65.00 £8.50 (£86.36 inc VAT)
3KVA 15 amp max £86.50 £3.50 (C111.63 inc VAT)
5KVA 25 amp max £150.00 Plus Carriage & VAT
1OKVA 45 amp max £300.00 Plus Carriage & VAT
6KVA 3 PHASE Star £205.00 Plus Carriage & VAT

Buy direct from the Importers. Keenest prices in the country
COMPREHENSIVE RANGE OF

TRANSFORMERS -LT -ISOLATION & AUTO
(110-240V Auto transfer either cased with American socket and
mains lead of open frame type. Available for immediate delivery.

WIDE RANGE OF XENON FLASHTUBES
Write/Phone your enquires

ULTRA VIOLET BLACK LIGHT BLUE
FLUORESCENT TUBES

411 40 Watt £14.00 (callers only) (£16.45 inc VAT)
2ft 20 watt £9.00 (Callers only) (£10.58 inc VAT)
12in 8 watt £4.80 + 75p p&p (£8.52 inc VAT
9in 8 wan £3.96 + 50p p&p 1E5.24 Inc VAT)
6in 4 wan £3.96 + 50p p&p (£5.24 inc VAT)

230V AC BALLAST KIT
For either 6in, 9in or 12in tubes £6.05 +£1.40

p&p (£8.75 inc VAT)
The above Tubes are 3500/4000 angst. (350-

400um) ideal for detecting security markings, effects
lighting & Chemical applications..

Other Wave Lengths of U.V. TUBE available
for Germicidal & Photo Sensitive applications a

Please telephone your enquiries.
400 WATT BLACK LIGHT BLUE UV LAMP
GES Mercury Vapour lamp suitable for use

with a 400W P.F. Balast
Only £38.00 + £4.00 p&p (£49.35 inc VAT)

12V D.C. BILGE PUMPS
500 GPH 155 head 3 amp £19.98

5,000.1 1750 GPH 156 head 9 amp £34.55
Also now available 24V D.C. 1750 GPM 155 head
5 amp £35.55. All designed to be used
submerged. PRICES INCLUDE P&P & VAT

SUPER HY-LIGHT STROBE KIT
DesIged for Disco, Theatrical uses etc.

Approx 18 joules Adjustable speed £50.00 .i. £3.00 p&p
(62.28 inc VAT)

Case and reflector £24.00 a £3.00 p&p (£31.73 inc VAT)
SAE for further details including Hy -Light and in-
dustrial Strobe Kits.

5KVA ISOLATION TRANSFORMER
As New Ex -equipment fully shrouded Line Noise

Suppression. Ultra Isolation Transformer with terminal
covers and Knock -out cable entries. Primary 120/240V
Secondary 120/24DV 50/60 Hz..005 pF Capacitance.
Size L.37 x W.19 x H.16crn Weight 42 Kilos. PRICE

£120.00 +VAT
ex -warehouse. Carriage on request

24V DC SIEMENS CONTACTOR
Type 3TH8022 DB 2 x NO and 2 x NC 230V AC 10A
contacts Screw or Din Rail fixing. Size H 120 0 W 45 x
0.75mm. Brand New Price £7.63 incl. P&P and VAT.

240V AC WESTOOL SOLENIODS
TT2 Mod 1 flat. 1 MAx stroke 1/4 in. Base mounting I/2in.
stroke 51bs pull approx. TT6 Mod 1 Rat. 2 Max stroke 1/8
in. Front mounting 1/2in. Front mounting 1/2 in. stroke
15Ibs pull approx. Price incl. p&p & VAT. 112 £5.88, TT6
£8.81. SERIES 400 £7.64.

AXIAL COOLING FAN
230V AC 120mm square x 38mm 3 blade 10 watt Low
Noise fan. Price £729 incl. P&P and VAT. Other voltages
and sizes available from stock. Please telephone your
enquiries.

INSTRUMENT CASE
Brand new Manuf. by Imhof L31 a H18 x 19cm deep.
Removeable front and rear panel for easy asaembN of
components. Grey finish complete with case feet.
PRICE £16.45 INCL. P&P &VAT 2 off £28.20 Inclusive.

SEWING MACHINE MOTOR
Brand new 220/240v AC/DC SEW-TRIC 2 lead Brush
Motor. Size L. 100mm x H. 70mm a W.55mm. Spindle.
1/4in. dia x tin. long. £14.10 Incl. P&P & VAT

GEARED MOTORS
71 RPM 201b inch torque reversable 115V AC input
including capacitor and transformer for 240V AC
operation.
Price Inc VAT & p&p £27.73

SOLID STATE EHT UNIT
Input 230/240V AC, Output approx 15KV. Producing Omm
spark. Built-in 10 sec timer. Easily modified for 20sec, 30
sec to continuous. Designed for boiler ignition. Dozens of
uses in the field of physics and electronics, eg supplying
neon or argon tubes etc. Price less case
£8.50 + £2.40 p&p (£12.81 inc VAT) NMS

EPROM ERASURE KIT
Build your own EPROM ERASURE for a fraction of the
price of a made-up unit kit of pans less case includes 12in
8 watt 2537 Angst Tube Ballast unit, pair of bi-pin leads.
neon indicator, on/off switch, safety microswitch and
circuit £15.00 £2.00 p&p (219.98 inc VAT)

WASHING MACHINE WATER PUMP
Brand new 240V AC. fan cooled. Can be used for a vadety
of purposes. Inlet lf,4in. outlet tin. dia. Price includes p&p &
VAT £11.20 each or 2 for £20.50 inclusive.

al\
Open

Monday/Friday

SERVICE TRADING CO
57 BRIDGMAN ROAD, CH SWICK, LONDON W4 5BB

TEL 0181-995 1560 FAX 0181-995 0549
ACCOUNT CUSTOMERS MIN, ORDER £10

=SA
Ample
Parking Space

Veronica!
KITS

88-108MHz FM
TRANSMITTERS

Professional PLL transmitter, Stereo Coder, and
Compressor/Limiter kits licensable in the U.K.
Also very stable VFO transmitter kits. Prices
from under £10 and a 'Ready Built' service is
available. Contact us for a free brochure
including prices and more detailed information.

18 Victoria St, Oueensbury, BRADFORD, BD13 1AR =
Tel 01274 816200 Email veronica@legend.co.uk

TURN YOUR SURPLUS
TRANSISTORS, ICS ETC INTO

CASH immediate settlement.
We also welcome the opportunity to quote

for complete factory clearance
Contact:

COLES-HARDING & CO
Unit 58, Queens Road, Wisbech,

Cambs PE13 7PQ
BUYERS OF SURPLUS INVENTORY

ESTABLISHED OVER 20 YEARS
Tel: 01945 584188 Fax: 01945 475216

£50 BT INSTRUMENT
FOR ONLY £7.50

We refer to the PT insulation tester and multi -meter with which

you can read insulation directly in megohms, AC volts up to 230,

4 ranges of DC volts up to 500, 3 ranges of milliamps and one

54 range and 3 ranges of resistance. These are in perfect

condition, have had very little use, if any, tested and fully

guaranteed. Complete with leads and prods 17.50, Order Ref

7.5P4. Carrying case which will take small tools as well, f2 extra.

Postage f3 unless your order is £25 and over.

18 N Factors

Dept ET1, Pilgrim Works, Stairbridge Lone, Bolney,

Sussex, RH17 SPA

Telephone: (01444) 881965

SOFTWARE

PC ELECTRONIC, TECHNICAL
AND SCIENTIFIC PROGRAMS

LOW COST SPECIALIST LIBRARY

DESCRIPTIVE CATALOGUE AVAILABLE
PRICED AT £2.50. COMES WITH £2.00 OFF
MONEY VOUCHER TO PLACE AGAINST

YOUR FIRST ORDER.

PHONE/FAX FOR YOUR CATALOGUE FROM

PDSL, WINSCOMBE HOUSE, BEACON ROAD,
CROWBOROUGH, SUSSEX TN6 IUL
TEI, 01892 663298 FAX 01892 667473

SMART CARD PRODUCTS
Smartcards, Readers/Encoders,
Evaluation & Development Kits...

http://www.gold.net/users/d96/epsilon.htm
E-MAIL: epsilon@powertech.no

EPSILON ELECTRONICS
Brynsengvn.1A,

0667 Oslo, Norway
TEL/FAX +4722640810

COURSES

RADIO + TELECOMMUNICATIONS
CORRESPONDENCE SCHOOL
12 MOOR VIEW DRIVE, TEIGNMOUTH, DEVON, TQ14 9UN

START training NOW with the SPECIALISTS for the following
courses, Radio Amateur Licence C+G, Micro Processor,
Telecomms, Tech C+G and Introduction to Television.

For our FREE Brochures Call 01626 779398

ELECTRONIC
VALVES

CHELMER VALVE
COMPANY

130 NEW LONDON ROAD,
CHELMSFORD

ESSEX CM2 ORG
Tel: 01245 355296
Fax: 01245 490064

For high quality audio valves

cckIN VALE (A)
(PROP JIM FISH G4MH)

Over 50,000 valves stocked,
2000 different types,

vintage, military, audio, etc.
Fast service. Send SAE for list
VALVES WANTED FOR CASH

28 Banks Avenue, Golcar, Huddersfield,
West Yorks HD7 4LZ

Tel: 01484 654650
Fax: 01484 655699

CALL TODAY ON 01442 66551
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KITS

Manufacturers of approved Interface
Equipment for use on public switched
telephone network, for narrow or wide

band private circuits, also manufacturers
of telecom line safety barriers.

LIGHT
ENGINEERING

LIGHT ENGINEERING SERVICES
(PRECISION), Machining, sheet
metalwork, instrument/toolmaking etc -

most engineering processes in most
materials. One offs, parts, prototypes.
panels, mods, jigs, repairs, anything - no
job too small - trade or private - for quick
friendly service contact - Richard -

Tel/Fax 01954 260804

PROGRAMMING
SERVICE

Industrial Engineering Program-
mer offers programming service
in micro controllers test
Automation/ATE visual basic.
Contact: 01582 414310

PRINTED CIRCUIT
BOARDS

PRINTED CIRCUIT BOARDS
Designed & Manufactured

 Prototype or Production Quantities
 Fast turnaround available

 PCBs Designed from circuit diagrams
 Almost all computer files accepted

Easy PC / Aries / VuTrax / Cadstar Gerber /
HPGL /!Draw and many others.

 Fast International service
 Contract Assembly & Test available

TELEPHONE 01232 473533
INTERNATIONAL +44 1232 473533

MI agar FAX - 01232 473533
!!!!.. Circuits Email -agar®argonet.co.uk

36 WOODCOT AVENUE, BELFAST BT5 5JA

PLANS

ELECTRONIC PLANS, laser
designs, solar and wind
generators, high voltage teslas,
surveillance devices, pyrotechnics
and com-puter graphics tablet. 150
projects. For catalogue, SAE to
Plancentre Publications, Unit 7, Old
Wharf Industrial Estate, Dymock
Road, Ledbury, Herefordshire, HR8
2HS.

TRANSFORMERS

Variable Voltage
Technology Ltd

TRANSFORMERS
For valve and transistor circuits

HT Filament chokes high & low voltage
Standard and custom design

large and small quantities
Unit 24E, Samuel Whites Estate. Medina

Road, Cowes, Isle of Wight P031 7LP
Tel 01983 280592 Fax 01983 280593

SMARTCARDS

STAND ALONE PIC->PIC
COPIERS AND BUSTERS.

Copy/Deprotect PIC Smart Cards (D2mac,
adult etc) with the MAC2MAC copier. NO

PC REQ. £69 PIC2PIC Copier (84, 67, 71)
NO PC REQ. £67 Multi PIC programmer

(16cxx) £37
MCJ DESIGN

Tel: 01202 770121
Fax: 01202 770121

E-MAIL:MCJDESIGN@AOL.COM

ELECTRONICS TODAY INTERNATIONAL,
CLASSIFIED ADVERTISEMENT DEPARTMENT,
NEXUS HOUSE, BOUNDARY WAY,
HEMEL HEMPSTEAD HP2 7ST

All adverts must be prepaid.
Cheques payable to:

Nexus Special Interests Ltd.
Name

Address

Daytime Tel. No:

Signature

Date
PLEASE DEBIT MY ACCESS/BARCLAYCARD No.

Expiry Date

FOR SALE COMPONENTS PLANS OTHER - PLEASE STATE

Please ring the required heading.

£25.85
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£19.97
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£30.55
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£39.95
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Around the

orner
ew and unique ideas can come
from many sources" is the
statement under the Young
Electronic Designer Awards
heading of "Originality", and
nothing could be truer.

Technology has long been seen as the way
forward to helping everyone to live longer,
more rewarding, more productive lives, and
though we have made great strides forward in
the twentieth century, there is no shortage of
goals left to achieve. Indeed, the more we do,
the more it seems that we can do and need
to do.

This begs the question: what is it most
important to achieve? What do we need to do
most? By "progress", do we mean bigger,
faster, smaller, cheaper ... where is the best
way forward? But there are so many things
that could be done that it needs many eyes
and brains and hands to choose what to do
next, and (here comes the tricky bit) work out
how to do it. Not everyone will have the same
priorities, as people and societies have
different needs. But the more interested
parties put their opinions and talents into the
fray, the more will be achieved in the end.

So the "many sources" really means
"many people" - not just engineers, but all
their prospective customers and their
customers' customers - it's their wants and
needs that the engineers of the future will
ultimately be working to meet. In theory,
everyone you meet will have some idea about
how life could be improved with the help of
technology, and that means, somewhere
along the line, engineering.

So, if you are a designer, or a prospective
designer, it's vitally important to talk to people
about what you do and what they think about
It Not all of them will say, of course, "well, I

think you should do so-and-so" - a lot of them
will, of course, and then if you want "new and
unique ideas", you are bound to hear ideas
that will astound you ... if not necessarily to
build them ... but if you hear between the lines
you may find one of those new and unique

ideas coming to mind. And it may be one you
can think about building one day.

Some people will tell you that the idea's the
difficult bit, and if you are looking for
something to build quickly and easily and sell
by the million to make a fabulous profit - the
idea is certainly the difficult bit. But if you are
going to follow the classic path of designing a
useful project, and then obtaining the finance
to making it works, getting it to market and
supporting it while you build up a customer
base, then it will usually emerge that these are
the difficult bits, too.

Perhaps the hardest bit is "winning at
engineering" versus "winning at marketing".
Quite often the most advanced and exacting
product design in a new field is not the
eventual winner in the market - remember
Video 2000, Betamax and VHS - when they
first emerged, the former two systems were in
some ways more advanced than VHS, but
the makers of VHS moved quickly to get
video movies out in their format, so supplying
the market and getting the customers'
support. Of course, if VHS had not been a
workable system in its own right - and been
steadily developed since - it would not have
held its customers' loyalty - but it
demonstrates how product developers must
have their eyes and ears pointing in many
different directions at once.

This is the outlook that industry -sponsored
awards like the Young Electronic Designer
Awards are putting their efforts into promoting,
along with all the aspects that go with good
practical design - reliability, a practical attitude
to manufacturing, realistic costing, meeting a
genuine need at the right time (many good
ideas have come to market too early or too
late to catch their natural customers), and
awareness of how user-friendly the product
will prove to be in use.

I personally look forward to the day when
my car goes into conference with my fridge
and my cooker to present me with my supper
as soon as I get home - as long as I have
some say in the matter, of course.

The Challenge -Things that electronics hasn't fixed yet
We have lie detectors. Some of them are felt to be reasonably reliable, but none of
them are unbeatable.
Suppose we had a machine that could tell reliably whether the subject really believed
in what he or she was saying? Or - even more drastic - really believed in what they
thought they believed in? Would it change the relationship of mankind to machines
and, indeed, mankind to mankind? Especially round the Christmas dinner table ..

Send your suggestions to the Editor at the address on the right.

Next Month
Volume 26, no. 1 of Electronics Today International, arriving at your newsagent in
early January, will bring a very sane simple low-cost Digital Frequency Meter from the
"MadLab" ... from Robin Abbot, the first in a three-part series on experimenting with
video signals, along with a sync separator module to build ... Richard Grodzik
presents a PIC16C54-controlled, portable Remote Data Logger that can upload to a
PC ... we shall be hearing the latest wisdom on Smart Cards from Nick Hampshire ...

Terry Balbirnie has some ideas in his heart for St. Valentine's Day ... and more ...
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Get the best Universal
Diagnostic tool kit on the market

SOFTWARE

& HARDWARE

THAT REALLY

WORKS!
AL I. .

irikt 04CQ 6011
UNIVERSAL DIAGNOSTIC SOFTWARE

Fully 0/S independent
diagnostic software

LICeLl411.tIL
122=1

Use this Power -On -Self -test card to
debug any "dead" PC that won't boot

1111111k1-40

A proven way to
increase quality
control

TiM

Lets you keep track of
hundreds or even
thousand of computers

A must -have
Remote
Diagnostics Tool

1114

_UNIVERS; UNIVERSAL

TOOLXIT TOOLKITz"
UlAGNOSTIf DIAGNOSTICS

.1kv

um* ery m91.1 Me mano

NEW RELEASES
Call about our Tutorial and

Troubleshooting Series on video

cassettes! A wealth of technical

help at your fingertips.

Our servicing turn-
around time has
been reduced by an
average of 32%. Of
all the diagnostic
packages tried this
is the first to live up
to its advertising.

We have been using
Microscope and
Postprobe for two
months with great
success. It really is
as good as you
have said in your
publi

Cardiff Wales
Airport.

I have spoken
engineers about the
Micro 2000
software/hardware
package and received
favourable reports.
They say the best
advantage Micro 2000
has over other
packages is the fact
that it is operating
system independent.

To be truthful we at
Catalyst use
Micro -Scope on
every machine when
it "walks" in or out
of the

\ Netherlands & Germany Spain
Kingdom - - France

OPEN JUNEUI I X
Tel +44 1462 483483

Fax +44 1462 481484
Tel (+31) 020 638 4433

Fax (+31) 020 620 3437
Tel (+491 069 420 8278

Fax (+49) 069 420 8270
Call UK for details.



Electronics Workbench
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n & Verif Circuits 744

Wel

MIXMOD.call

True gal -World

KM,

Adailifde

I

Electronics Workbench

TT

op,
10101 0

00
0'

DQ
DO

111

DO

0'.

III

Oscilloscope

tit

DAC

GROUND

TRIGGER
EDGE N.

LEVEL
B EXT

CHANNEL B

Electronics Workbench saves you
time. It's a highly productive
simulated workbench that lets you
design and verify circuits faster
than it would take on a real bench.
Mix analogue and digital components
combination.

ZOOM

TIME BASE
10.01rnsid,..
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B/A A/B

CHANNEL A
I 5 ViDiv
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OVER
70,000
USERS

and ICs in any

Using a powerful SPICE simulator to ensure that circuits
work like the real thing, Electronics Workbench gives you
complete control over the value and behaviour of all
components, so you control the design process.

Electronics Workbench is the first affordable integrated
tool to offer true mixed -mode simulation. It delivers the
power you need to design and verify analogue, digital and
true mixed -mode circuits -fast.

4...
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0 WU I,
V POS
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Electronics Workbench:
Click & Drag schematic
capture
Mixed Analogue/Digital
SPICE simulator
Instant Bode plots and
scrollable waveforms
50 Analogue components
with 350 models
140 Digital components and
IC's in TTL and CMOS
Windows 95/NT/3.1, DOS
and Macintosh versions
FREE Unlimited Technical support
30 Day money -back guarantee

ONLY

Robinson Marshall (Europe) Plc. 1 99

44 (0) 1203 233216
Fax: 44 (0) 1203 233210
Nadella Building, Progress Close, Leofric Business Park, Coventry CV3 2TF

E-mail: sales@rme.co.uk
Shipping Charges UK U) 00. ,VII prices arc plus VAT. Electronics Workbench is a trademark of
InteraetA, I id. RAM). Canada. All other trademarks arc the property of their respective owners


